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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin valve 
type thin-film element with which the magnetization 
states of fixed magnetic layers can be maintained in a 
thermally stable state by controlling the direction to 
pass sense current to be in an adequate direction and a 
thin film magnetic head using this spin valve type thin 
film element. 

SOLUTION: The magnetic moment of a first fixed 
magnetic layer 1 2 is higher than the magnetic moment of 
a second fixed magnetic layer 14 and the magnetic 
moment of the first fixed magnetic layer 12 faces a left 
direction. The synthetic magnetic moment of the first 
fixed magnetic layer 12 and the second fixed magnetic 
layer 1 4, therefore, faces the left direction. The sense 
current 1 1 2 is consequently passed in an X-direction to 
generate the sense current magnetic field clockwise with 
respect to the plane of Fig. f by which the direction of 
the sense current magnetic field and the direction of the 
synthetic magnetic moment are aligned and the stability 





of the magnetization state of the first and second fixed magnetic layer can be improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. *### shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An antiferromagnetism layer and the fixed magnetic layer to which it is formed in in 
contact with this antiferromagnetism layer, and the magnetization direction is fixed by the 
switched connection field with said antiferromagnetism layer, By being formed in said fixed 
magnetic layer through a nonmagnetic conductive layer, having the free magnetic layer by which 
magnetization is arranged in the magnetization direction of said fixed magnetic layer, and the 
crossing direction, and passing a sense current in the direction which intersects fixed 
magnetization of said fixed magnetic layer In the spin bulb mold thin film by which the electric 
resistance which changes with the relation between fixed magnetization of a fixed magnetic layer 
and fluctuation magnetization of a free magnetic layer is detected said fixed magnetic layer 
Through the nonmagnetic interlayer, it is divided by the 1 st fixed magnetic layer which touches 
an antiferromagnetism layer, and two-layer [ of the 2nd fixed magnetic layer which touches a 
nonmagnetic conductive layer ], and is formed in them. Said sense current The direction of the 
sense current field formed in the parts of the 1st fixed magnetic layer / nonmagnetic interlayer / 
2nd fixed magnetic layer by passing said sense current, The spin bulb mold thin film 
characterized by passing the direction of the synthetic magnetic moment which adds the 
magnetic moment (saturation magnetization Ms and thickness t) of said 1 st fixed magnetic layer, 
and the magnetic moment of the 2nd fixed magnetic layer, and is formed in the same direction 
and the direction which becomes. 

[Claim 2] Said spin bulb mold thin film An antiferromagnetism layer, the 1st fixed magnetic layer, 
a nonmagnetic interlayer. The 2nd fixed magnetic layer, a nonmagnetic conductive layer, and a 
free magnetic layer are the formed single spin bulb mold thin films every much more. When the 
magnetic moment of said 1 st fixed magnetic layer is larger than the magnetic moment of the 2nd 
fixed magnetic layer, said sense current The spin bulb mold thin film according to claim 1 passed 
in the direction in which the direction of the sense current field formed in the parts of the 1st 
fixed magnetic layer / nonmagnetic interlayer / 2nd fixed magnetic layer by passing said sense 
current becomes in the same direction as the direction of the magnetic moment of said 1st fixed 
magnetic layer. 

[Claim 3] Said spin bulb mold thin film An antiferromagnetism layer, the 1st fixed magnetic layer, 
a nonmagnetic interlayer, The 2nd fixed magnetic layer, a nonmagnetic conductive layer, and a 
free magnetic layer are the formed single spin bulb mold thin films every much more. When the 
magnetic moment of said 1st fixed magnetic layer is smaller than the magnetic moment of the 
2nd fixed magnetic layer, said sense current The spin bulb mold thin film according to claim 1 
passed in the direction in which the direction of the sense current field formed in the parts of 
the 1st fixed magnetic layer / nonmagnetic interlayer / 2nd fixed magnetic layer by passing said 
sense current becomes in the same direction as the direction of the magnetic moment of said 
2nd fixed magnetic layer. 

[Claim 4] Said free magnetic layer is a spin bulb mold thin film according to claim 2 or 3 which is 
divided by two-layer and formed in it through the nonmagnetic middle class. 
[Claim 5] The nonmagnetic interlayer currently formed between the free magnetic layers divided 
by two-layer [ said ] is a spin bulb mold thin film according to claim 4 currently formed with one 
sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[Claim 6] Said spin bulb mold thin film is centered on a free magnetic layer. The nonmagnetic 
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conductive layer by which the laminating was carried out up and down, Three layers of the 2nd 
fixed magnetic layer / nonmagnetic interlayer by which the laminating was carried out on said 
one nonmagnetic conductive layer and to the bottom of the nonmagnetic conductive layer of 
another side /1st fixed magnetic layer, It is the dual spin bulb mold thin film which has the 
antiferromagnetism layer by which the laminating was carried out on one 1 st fixed magnetic layer 
and to the bottom of the 1 st fixed magnetic layer of another side. The synthetic magnetic 
moment of the 1st fixed magnetic layer and the 2nd fixed magnetic layer by which the laminating 
was carried out to said free magnetic layer bottom, The synthetic magnetic moment of the 1 st 
fixed magnetic layer and the 2nd fixed magnetic layer by which the laminating was carried out to 
the free magnetic layer bottom has turned to hard flow mutually. Said sense current The 
direction of the sense current field formed in the parts of the 1st fixed magnetic layer / 
nonmagnetic interlayer / 2nd fixed magnetic layer by passing said sense current The spin bulb 
mold thin film according to claim 1 passed in the direction of the synthetic magnetic moment in 
which the free magnetic layer was formed up and down, the same direction, and the direction 
which becomes. 

[Claim 7] The magnetic moment of the 1st fixed magnetic layer formed above the free magnetic 
layer Are larger than the magnetic moment of the 2nd fixed magnetic layer formed above the 
free magnetic layer. And the magnetic moment of the 1st fixed magnetic layer formed below the 
free magnetic layer is smaller than the magnetic moment of the 2nd fixed magnetic layer formed 
below the free magnetic layer. And both fixed magnetization of the 1 st fixed magnetic layer in 
which the free magnetic layer was formed up and down is spin bulb mold thin films according to 
claim 6 which have turned to the same direction. 

[Claim 8] The magnetic moment of the 1st fixed magnetic layer formed above the free magnetic 
layer is smaller than the magnetic moment of the 2nd fixed magnetic layer formed above the free 
magnetic layer. And the magnetic moment of the 1st fixed magnetic layer formed below the free 
magnetic layer is larger than the magnetic moment of the 2nd fixed magnetic layer formed below 
the free magnetic layer. And both fixed magnetization of the 1st fixed magnetic layer in which 
the free magnetic layer was formed up and down is spin bulb mold thin films according to claim 6 
which have turned to the same direction. 

[Claim 9] Said antiferromagnetism layer is a spin bulb mold thin film according to claim 1 to 8 
formed with a PtMn alloy. 

[Claim 10] Said antiferromagnetism layer is a spin bulb mold thin film according to claim 1 to 8 
formed by X-Mn (however, X is any one sort or two sorts or more of elements of Pd, Ir, Rh, and 
Ru). 

[Claim 11] Said antiferromagnetism layer is a spin bulb mold thin film according to claim 1 to 8 
formed by Pt-Mn-X' (however, X' is any one sort or two sorts or more of elements of Pd, Ir, Rh, 
Ru, Au, and Ag). 

[Claim 12] The nonmagnetic interlayer formed between the 1st fixed magnetic layer and the 2nd 
fixed magnetic layer is a spin bulb mold thin film according to claim 1 to 1 1 formed with one sort 
or two sorts or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[Claim 13] The thin film magnetic head characterized by the thing of the spin bulb mold thin film 
indicated by either claim 1 thru/or claim 12 for which the shielding layer is formed through the 
gap layer up and down. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the spin bulb mold thin film from which electric 
resistance changes by the relation between the fixed magnetization direction of a fixed magnetic 
layer, and the direction of the magnetization of a free magnetic layer influenced of an external 
magnetic field, and relates to the thin film magnetic head using the spin bulb mold thin film which 
can maintain magnetization of a fixed magnetic layer at the condition of having been stabilized 
more, and this spin bulb mold thin film by passing a sense current in the proper direction 
especially. 
[0002] 

[Description of the Prior Art] The cross-sectional view in which drawing 28 showed the 
conventional spin bulb mold thin film in mimetic diagram, and drawing 29 are the sectional views 
which looked at the spin bulb mold thin film shown in drawing 28 from the opposed face side with 
a record medium. A sign 1 is the substrate layer formed by Ta (tantalum) etc., the 
antiferromagnetism layer 2 is formed on this substrate layer 1, and the fixed magnetic layer 3 is 
further formed on said antiferromagnetism layer 2. By forming said fixed magnetic layer 3 in 
contact with said antiferromagnetism layer 2, a switched connection field (exchange anisotropy 
field) occurs in the interface of said fixed magnetic layer 3 and antiferromagnetism layer 2, arid 
magnetization of said fixed magnetic layer is fixed for example; in the direction of illustration Y. 
On said fixed magnetic layer 3, the nonmagnetic conductive layer 4 formed by Cu etc. is formed, 
and the free magnetic layer 5 is further formed on said nonmagnetic conductive layer 4. In 
addition, a sign 6 is the protective layer formed by Ta etc. 

[0003] As shown in drawing 29 , magnetization of said free magnetic layer 5 is arranged in the 
direction of illustration X by the hard bias layers 7 and 7 formed with the Co-Pt (cobalt- 
platinum) alloy and conductive layers 8 and 8 being formed in the both sides of the layered 
product from the substrate layer 1 to a protective layer 6, for example, said hard bias layer 7 
being magnetized in the direction of illustration X. This has relation which fluctuation 
magnetization of said free magnetic, layer 5 and fixed magnetization of said fixed magnetic layer 3 
intersect. In addition, a sign 6 is the* protective layer formed by Ta etc. 

[0004] In this spin bulb mold thin film, a sense current mainly flows from said conductive layer 8 
focusing on the nonmagnetic conductive layer 4 to the direction of illustration X or the direction 
of illustration X, and hard flow. And if magnetization of said free magnetic layer 5 arranged in the 
direction of illustration X is changed by the leak field from record media, such as a hard disk, 
electric resistance will change by relation with fixed magnetization of the fixed magnetic layer 3 
fixed in the direction of illustration Y, and the leak field from a record medium will be detected by 
the electrical-potential-difference change based on this electric resistance value change. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, as mentioned above, a sense current 
field is formed by the principle of a right screw by passing a sense current, although a sense 
current mainly flows focusing on the small nonmagnetic conductive layer 4 of specific resistance 
from a conductive layer 8, and there is a problem that this sense current field affects fixed 
magnetization of said fixed magnetic layer 3. For example, although magnetization of the fixed 
magnetic layer 3 is turned in the direction of illustration Y as shown in drawing 28 The sense 
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current field formed by passing a sense current in the part of said fixed magnetic layer 3 Since 
the fixed magnetization direction of said fixed magnetic layer 3 and the direction of a sense 
current field are not in agreement a case towards the direction of illustration Y, and 

hard flow, there is a problem that fluctuation and a magnetization condition destabilize [ said 
fixed magnetization ] in response to the effect of a sense current field. 

[0006] NiO, a FeMn alloy, etc. have the especially small switched connection field (exchange 
anisotropy field) generated in an interface with the fixed magnetic layer 3 in said 
antiferromagnetism layer 2. Moreover, if it is when an antiferromagnetism ingredient with low 
blocking temperature is used If the fixed magnetization direction of the fixed magnetic layer 3 
and the direction of a sense current field have relation of hard flow, degradation of fixed 
magnetization of said fixed magnetic layer 3 will be intense, and it will lead to destruction with 
said reversed fixed magnetization further. 

[0007] Although it is in the inclination to pass many sense currents, in recent years since it 
corresponds to high recording density-ization, if it is by passing a 1mA sense current when the 
sense current field of about 30 (Oe) occurs, it turns out that a chip temperature rises by about 
15 degrees C further and said dozens of mA sense current is passed for this reason, a rapid chip 
temperature rise and a huge sense current field will occur. For this reason, in order to raise the 
thermal stability of fixed magnetization of the fixed magnetic layer 3, there are choosing the 
antiferromagnetism ingredient with high and blocking temperature which generates the big 
switched connection field (exchange anisotropy field) at an interface with the fixed magnetic 
layer 3, and the need that magnetization of the fixed magnetic layer 3 is made not to destroy 
said sense current by a sink and the sense current field in the proper direction. 
[0008] This invention aims at offering the thin film magnetic head using the spin bulb mold thin 
film which it is and can maintain the magnetization condition of said fixed magnetic layer at the 
condition were stabilized thermally, by improving the structure of a fixed magnetic layer, and the 
quality of the material of an antiferromagnetism layer especially, and controlling the direction 
which moreover passes a sense current in the proper direction and this spin bulb mold thin film 
for solving the above-mentioned conventional trouble. 
[0009] 

[Means for Solving the Problem] The fixed magnetic layer to which this invention is formed in in 
contact with an antiferromagnetism layer and this antiferromagnetism layer, and the 
magnetization direction is fixed by the switched connection field with said antiferromagnetism 
layer, By being formed in said fixed magnetic layer through a nonmagnetic conductive layer, 
having the free magnetic layer by which magnetization is arranged in the magnetization direction 
of said fixed magnetic layer, and the crossing direction, and passing a sense current in the 
direction which intersects fixed magnetization of said fixed magnetic (ayer In the spin bulb mold 
thin film by which the electric resistance which changes with the relation between fixed 
magnetization of a fixed magnetic layer and fluctuation magnetization of a free magnetic layer is 
detected said fixed magnetic layer Through the nonmagnetic interlayer, it is divided by the 1st 
fixed magnetic layer which touches an antiferromagnetism layer, and two-layer [ of the 2nd fixed 
magnetic layer which touches a nonmagnetic conductive layer ], and is formed in them. Said 
sense current The direction of the sense current field formed in the parts of the 1st fixed 
magnetic layer / nonmagnetic interlayer / 2nd fixed magnetic layer by passing said sense 
current, The direction of the synthetic magnetic moment which adds the magnetic moment 
(saturation magnetization Ms and thickness t) of said 1st fixed magnetic layer and the magnetic 
moment of the 2nd fixed magnetic layer, and is formed is characterized by passing in the same 
direction and the direction which becomes. 

[0010] In this invention, moreover, said spin bulb mold thin film An antiferromagnetism layer, the 
1st fixed magnetic layer, a nonmagnetic interlayer, the 2nd fixed magnetic layer, A nonmagnetic 
conductive layer and a free magnetic layer are the formed single spin bulb mold thin films every 
much more. When the magnetic moment of said 1 st fixed magnetic layer is larger than the 
magnetic moment of the 2nd fixed magnetic layer, said sense current By passing said sense 
current, the direction of the sense current field formed in the parts of the 1 st fixed magnetic 
layer / nonmagnetic interlayer / 2nd fixed magnetic layer needs to be passed in the direction 
which becomes in the same direction as the direction of the magnetic moment of said 1 st fixed 
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magnetic layer. 

[001 1] Said spin bulb mold thin film Or an antiferromagnetism layer, the 1st fixed magnetic layer, 
A nonmagnetic interlayer, the 2nd fixed magnetic layer, a nonmagnetic conductive layer, and a 
free magnetic layer are the formed single spin bulb mold thin films every much more. When the 
magnetic moment of said 1 st fixed magnetic layer is smaller than the magnetic moment of the 
2nd fixed magnetic layer, said sense current By passing said sense current, the direction of the 
sense current field formed in the parts of the 1st fixed magnetic layer / nonmagnetic interlayer / 
2nd fixed magnetic layer needs to be passed in the direction which becomes in the same 
direction as the direction of the magnetic moment of said 2nd fixed magnetic layer. Moreover, as 
for said free magnetic layer, in this invention, it is desirable for it to be divided by two-layer and 
to be formed in it through a nonmagnetic interlayer. Furthermore, as for the nonmagnetic 
interlayer currently formed between the free magnetic layers divided by two-layer [ said ], it is 
desirable to be formed with one sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, Re, and 
Cu. 

[0012] In this invention, moreover, saidspin bulb mold thin film Three layers of the 2nd fixed 
magnetic layer / nonmagnetic interlayer by which the laminating was carried out the core [ a 
free magnetic layer ] on the nonmagnetic conductive layer by which the laminating was carried 
out up and down, and said one nonmagnetic conductive layer, and to the bottom of the 
nonmagnetic conductive layer of another side /1st fixed magnetic layer, It is the dual spin bulb 
mold thin film which has the antiferromagnetism layer by which the laminating was carried out on 
one 1 st fixed magnetic layer and to the bottom of the 1 st fixed magnetic layer of another side. 
The synthetic magnetic moment of the 1st fixed magnetic layer and the 2nd fixed magnetic layer 
by which the laminating was carried out to said free magnetic layer bottom, The synthetic 
magnetic moment of the 1 st fixed magnetic layer and the 2nd fixed magnetic layer by which the 
laminating was carried out to the free magnetic layer bottom has turned to hard flow mutually. 
Said sense current By passing said sense current, the direction of the sense current field formed 
in the parts of the 1st fixed magnetic Jayer / nonmagnetic interlayer / 2nd fixed magnetic layer 
needs to be passed in the direction of the synthetic magnetic moment in which the free 
magnetic layer was formed up and down, the same direction, and the direction which becomes. 
[0013] In the dual spin bulb mold thin film mentioned above about the magnitude of the magnetic 
moment of the 1st concrete fixed magnetic layer and the 2nd fixed magnetic layer The magnetic 
moment of the 1st fixed magnetic layer formed above the free magnetic layer is larger than the 
magnetic moment of the 2nd fixed: magnetic layer formed above the free magnetic layer. And the 
magnetic moment of the 1st fixed magnetic layer formed below the free magnetic layer is smaller 
than the magnetic moment of the 2nd fixed magnetic layer formed below the free magnetic layer. 
And both fixed magnetization of the 1 st fixed magnetic layer in which the free magnetic layer 
was formed up and down needs to turn to; the same direction. Or the magnetic moment of the 
1st fixed magnetic layer formed above the free magnetic layer is smaller than the magnetic 
moment of the 2nd fixed magnetic layer formed above the free magnetic layer. And the magnetic 
moment of the 1st fixed magnetic layer formed below thefree magnetic layer is larger than the 
magnetic moment of the 2nd fixed magnetic layer formed below the free magnetic layer. And 
both fixed magnetization of the 1 st fixed magnetic layer in which the free magnetic layer was 
formed up and down needs to turn to the* same direction. 

[0014] As for said antiferromagnetism layer, in this invention, being formed with a PtMn alloy is 
desirable. Or said antiferromagnetism layer may be formed by X-Mn (however, X is one-sort 
[ any ] or two sorts or more of elements of Pd, Ir, Rh, and Ru), or Pt-Mn-X' (however, X' is any 
one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and Ag). Moreover, as for the 
nonmagnetic interlayer formed between the 1st fixed magnetic layer and the 2nd fixed magnetic 
layer in this invention, it is desirable to be formed with one sort or two sorts or more of alloys 
among Ru, Rh, Ir, Cr, Re, and Cu. Moreover, the thin film magnetic head in this invention is 
characterized by the thing of the pin bulb mold thin film mentioned above for which the shielding 
layer is formed through the gap layer up and down. 

[0015] In this invention, the fixed magnetic layer which constitutes a spin bulb mold thin film is 
divided by two-layer, and the nonmagnetic interlayer is formed between the fixed magnetic 
layers divided by two-layer. The anti-parallel condition is magnetized and magnetization of this 
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divided two-layer fixed magnetic layer is in the so-called ferry condition that the magnitude of 
the magnetic moment of the fixed magnetic layer which is moreover one side differs from the 
magnitude of the magnetic moment of the fixed magnetic layer of another side. It is in the 
condition that it was magnetized by anti-parallel where a two-layer fixed magnetic layer is 
stabilized very much since the switched connection field (RKKY interaction) generated between 
two-layer fixed magnetic layers was very as large as 1000 (Oe) to 5000 (Oe). 
[0016] By the way, magnetization is fixed in the direction (the height direction) which separates 
from an opposed face with a record medium by the switched connection field (exchange 
anisotropy field) which generates the fixed magnetic layer (the 1st fixed magnetic layer is called 
hereafter) of the side to which the fixed magnetic layer is formed in contact with the 
antiferromagnetism layer, and while anti-parallel (ferry condition) were magnetized touches this 
antiferromagnetism layer in an interface with said antiferromagnetism layer. Thereby, 
magnetization of the fixed magnetic layer (the 2nd fixed magnetic layer is called hereafter) which 
counters through said the 1st fixed magnetic layer and nonmagnetic interlayer is fixed in the 
condition of magnetization of said 1 st fixed magnetic layer, and anti-parallel. In the former, it 
becomes possible to maintain the magnetization condition of the 1st fixed magnetic layer and the 
2nd fixed magnetic layer at the condition of having been stabilized very much to the external 
magnetic field by forming the part currently formed by two-layer [ of an antiferromagnetism layer 
and a fixed magnetic layer J by this invention at four layers of an antiferromagnetism layer / the 
1st fixed magnetic layer / nonmagnetic interlayer / 2nd fixed magnetic layer. 
[0017] By the way, in recent years, there is a possibility that the magnetization condition of said 
1 st fixed magnetic layer and the 2nd fixed magnetic layer may destabilize according to increase 
of the temperature rise by the rise of the temperature in equipment by the increment in the 
rotational frequency of a record medium and the increment in the amount of sense currents and 
a sense current field, with a raise in recording density. Although said sense current is passed in 
the magnetization direction of the 1st fixed magnetic layer and the 2nd fixed magnetic layer, and 
the crossing direction (the same direction as the magnetization direction of a free magnetic 
layer, or hard flow) By passing said sense current, a sense current field occurs with the principle 
of a right screw. This sense current field the parts of the 1st fixed magnetic layer / nonmagnetic 
interlayer / 2nd fixed magnetic layer — setting — the same direction as the magnetization 
direction of said 1st fixed magnetic layer (or 2nd fixed magnetic layer) — or it trespasses upon 
hard flow. 

[0018] Although the magnetic moment of said 1st fixed magnetic layer and the magnetic moment 
of the 2nd fixed magnetic layer are formed with a different value and magnetization of said 1st 
fixed magnetic layer and magnetization of the 2nd fixed magnetic layer are in the condition that 
the anti-parallel condition was magnetized, by this as mentioned above In this invention, the 
sense current is made to change into the condition that the magnetization condition of the 1 st 
fixed magnetic layer and the 2nd fixed magnetic layer was stabilized more thermally, by the sink 
and the sense current field in the proper direction using a difference of the magnitude of the 
magnetic moment of said 1st fixed magnetic layer and the 2nd fixed magnetic layer. In the single 
spin bulb mold thin film, when the magnetic moment of the 1st fixed magnetic layer is larger than 
the magnetic moment of the 2nd fixed magnetic layer, specifically, the synthetic magnetic 
moment which adds the 1 st magnetic moment and 2nd magnetic moment of a fixed magnetic 
layer, and can search for them is suitable in the same direction as the magnetic moment of the 
1 st fixed magnetic layer. 

[0019] And in this invention, by passing a sense current, the direction which passes a sense 
current is adjusted and it becomes possible to maintain the magnetization condition of the 1st 
fixed magnetic layer and the 2nd fixed magnetic layer at the condition of having been stabilized 
thermally so that the direction of the sense current field formed in the parts of the 1 st fixed 
magnetic layer / nonmagnetic interlayer / 2nd fixed magnetic layer and the direction of said 
synthetic magnetic moment may be in agreement. 

[0020] Furthermore, by this invention, in a dual spin bulb mold thin film, the synthetic magnetic 
moment in which a free magnetic layer is formed up and down so that it may become hard flow 
mutually By adjusting the magnetic moment of the 1st fixed magnetic layer and the 2nd fixed 
magnetic layer etc., and passing a sense current The direction of the sense current field formed 
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in the parts of the 1st fixed magnetic layer / nonmagnetic interlayer who can set a free magnetic 
layer up and down / 2nd fixed magnetic layer, and the direction of said synthetic magnetic 
moment are made in agreement. By this It becomes possible to maintain the magnetization 
condition of the 1st fixed magnetic layer and the 2nd fixed magnetic layer at the condition of 
having been stabilized thermally. 

[0021] Moreover, in this invention, the stability of the magnetization condition of the 1st fixed 
magnetic layer and the 2nd fixed magnetic layer is raised according to various conditions besides 
control of the direction which passes a sense current. It is enlarging the switched connection 
field (exchange anisotropy field) first generated in the interface of an antiferromagnetism layer 
and the 1st fixed magnetic layer in the 1st. Although the switched connection field (exchange 
anisotropy field) generated in an interface with an antiferromagnetism layer as mentioned above 
is fixed in a certain fixed direction, if this switched connection field of magnetization of the 1st 
fixed magnetic layer is weak, fixed magnetization of the 1st fixed magnetic layer will not be 
stabilized by it, but it will become easy to change it by an external magnetic field etc. with a field. 
For this reason, the large thing of the switched connection field (exchange anisotropy field) 
generated in an interface with an antiferromagnetism layer is desirable, and a PtMn alloy can be 
shown in this invention as an antiferromagnetism layer which can acquire a large switched 
connection field by the interface with the 1st fixed magnetic layer. Moreover, it may replace with 
a PtMn alloy and an X-Mn (X is Pd, Ir, Rh, and Ru) alloy and a Pt-Mn-X' (X' is Pd, Ir, Rh, Ru, Au, 
and Ag) alloy may be used. 

[0022] It has the property which was excellent as an antiferromagnetism ingredient, such as 
these antiferromagnetism ingredient having a large switched connection field compared with NiO 
and the FeMn alloy which are used as an antiferromagnetism ingredient from the former, a NiMn 
alloy, etc., and blocking temperature being high, and excelling in corrosion resistance further. 
Drawing 26 is the R-H curve of the spin bulb mold thin film in this invention which used the 
PtMn alloy for the antiferromagnetism layer and divided the fixed magnetic layer through the 
nonmagnetic interlayer to two-layer [ of the 1st fixed magnetic layer and the 2nd fixed magnetic 
layer ], and the spin bulb mold thin film in the former which formed the fixed magnetic layer by 
the monolayer. 

[0023] The film configuration of the spin bulb mold thin film in this invention Si substrate / 
alumina / Ta(30) / antiferromagnetism layer from the bottom ;P They are (20) / Cu(20) / Co 
(10) / NiFe(40) / Ta (30). tMn (200) / fixed magnetic layer [ of ** a 1st ]; — Co(25) / 
nonmagnetic interlayer; — Ru (7) / fixed magnetic layer [ of a 2nd ]; — Co — the film 
configuration of the spin bulb mold thin film in the former — Si substrate / alumina / Ta(30) / 
antiferromagnetism layer from the bottom ;P tMn (300) / fixed magnetic layer; — Co — they are 
(25) / Cu(20) / Co(10) / NiFe(40) / Ta (30). In addition, the numeric value in a parenthesis 
shows thickness and a unit is angstrom. In addition, this invention and the spin bulb mold thin 
film in the former performed heat treatment of 4 hours at 260 degrees C after membrane 
formation, impressing the magnetic field of 200 (Oe). 

[0024] As shown in drawin g 26 . deltaMR (resistance rate of change) of the spin bulb mold thin 
film in this invention understands that how depending on which deltaMR in this invention falls is 
loose compared with how depending on which deltaMR of the spin bulb mold thin film in the 
former falls, although it is for 7 - 8% at maximum and the aforementioned deltaMR falls by giving 
a negative external magnetic field. By this invention, it is determined as the switched connection 
field (Hex) in which a spin bulb mold thin film generates the magnitude of the external magnetic 
field when becoming the value of the one half of the maximum of deltaMR here. 
[0025] As shown in drawing 26 f in the spin bulb mold thin film in the former, maximum deltaMR 
is about 8% and it turns out that an external magnetic field (switched connection field (Hex)) in 
case the aforementioned deltaMR becomes half is about 900 (Oe) in an absolute value. On the 
other hand, in the spin bulb mold thin film in this invention, although maximum deltaMR is about 
7.5% and falls a little compared with the former, an external magnetic field (switched connection 
field (Hex)) in case the aforementioned deltaMR becomes half is about 2800 (Oe) in an absolute 
value, and it turns out that it becomes very large compared with the former. 
[0026] Thus, if it is in the spin bulb mold thin film in this invention which divided the fixed 
magnetic layer to two-layer, compared with the conventional spin bulb mold thin film which 
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formed the fixed magnetic layer by one layer, a switched connection field (Hex) can be enlarged 
by leaps and bounds, and it turns out that the stability of magnetization of a fixed magnetic layer 
can be improved compared with the former. Moreover, it turns out that it can seldom fall 
compared with the former by this invention also about deltaMR, but high deltaMR can be 
maintained. 

[0027] Next, drawing 27 is a graph which uses four kinds of spin bulb mold thin films, and shows 
the relation between environmental temperature and a switched connection field. The spin bulb 
mold thin film of one item used first It is a spin bulb mold thin film in this invention which used 
the PtMn alloy for the antiferromagnetism layer and divided the fixed magnetic layer to two- 
layer. As a film configuration Si substrate / alumina / Ta(30) / antiferromagnetism layer from the 
bottom ;P tMn (200) / fixed magnetic layer [ of a 1 st ]; — Co(25) / nonmagnetic interlayer; - 
- Ru (7) / fixed magnetic layer [ of ** a 2nd ]; — Co — they are (20) / Cu(20) / Co(10) / NiFe 
(70) / Ta (30). the conventional example 1 which the 2nd kind used the PtMn alloy for the 
antiferromagnetism layer, and formed the fixed magnetic layer by the monolayer — it is — as a 
film configuration — Si substrate / alumina / Ta(30) / antiferromagnetism layer from the 
bottom ;P tMn (300) / fixed magnetic layer; — Co — they are (25) / Cu(25) / Co(10) / NiFe 
(70) / Ta (30). the conventional example 2 which the 3rd kind used NiO for the 
antiferromagnetism layer, and formed the fixed magnetic layer by the monolayer — it is — as a 
film configuration — Si substrate / alumina / antiferromagnetism layer;NiO (500) / fixed 
magnetic layer;Co from the bottom — they are (25) / Cu(25) / Co(10) / NiFe(70) / Ta (30). The 
4th kind is the conventional examples 3 which used the FeMn alloy for the antiferromagnetism 
layer and formed the fixed magnetic layer by the monolayer, and is NiFe [ from the bottom / Si 
substrate / alumina / Ta(30) / NiFe ] (70)/Co (T0)/Cu (25) / fixed magnetic layer;Co(25) / 
antiferromagnetism layerFeMn (150) / Ta (30) as a film configuration. In addition, the numeric 
value in the parenthesis of all four kinds of film configurations mentioned above shows thickness, 
and a unit is angstrom. 

[0028] Moreover, in this invention and the conventional example 1 which used PtMn for the 
antiferromagnetism layer, heat treatment of 4 hours has been performed at 260 degrees C after 
membrane formation, impressing the magnetic field of 200 (Oe). Moreover, in the conventional 
examples 2 and 3 which used NiO and FeMn for the antiferromagnetism layer, heat treatment 
has not been performed after membrane formation. 

[0029] It turns out that the switched connection field (Hex) is very high with about 2500 (Oe) in 
the spin bulb mold thin film in this invention when environmental temperature is about 20 
degrees C as shown in drawing 27 . On the other hand, as for almost at least 20 degrees C of 
environmental temperature, in the conventional example 2 which used NiO for the 
antiferromagnetism layer, and the conventional example 3 which used FeMn for the 
antiferromagnetism layer, the switched connection field (Hex) has become as low as below about 
500 (Oe). Moreover, it turns out that PtMn is used for an antiferromagnetism layer, and 
environmental temperature has generated the switched connection field of 1 000 (Oe) extent at 
about 20 degrees C, and a bigger switched connection field can be acquired rather than it uses 
NiO (conventional example 2) and FeMn (conventional example 3) for an antiferromagnetism 
layer if it is in the conventional example 1 which formed the fixed magnetic layer by the 
monolayer. 

[0030] In the publication-number No. 1 6920 [ nine to ] official report, NiO is used for an 
antiferromagnetism layer and the R-H curve of the spin bulb mold thin film which formed the 
fixed magnetic layer by two-layer through the nonmagnetic middle class is shown in dr awin g 8 . 
Although [ according to drawin g 8 of an official report ] the switched connection field (Hex) of 
600 (Oe) can be acquired, this numeric value uses PtMn for an antiferromagnetism layer, and it 
turns out that it is low compared with the switched connection field (about 1 000 (Oe); 
conventional example 1) at the time of forming a fixed magnetic layer by the monolayer. Namely, 
if it is when NiO is used for an antiferromagnetism layer Since a switched connection field 
becomes low rather than the case where use PtMn for an antiferromagnetism layer and a fixed 
magnetic layer is formed by the monolayer even if it divides a fixed magnetic layer to two-layer 
and changes magnetization of said two-layer fixed magnetic layer into a ferry condition, Using a 
PtMn alloy for an antiferromagnetism layer turns out to be desirable in that a larger switched 
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connection field can be acquired. 

[0031] Moreover, as shown in drawing 27 , when NiO or a FeMn alloy is used for an 
antiferromagnetism layer and environmental temperature becomes about 200 degrees C, it turns 
out that a switched connection field is set to 0 (Oe). This is because the blocking temperature of 
said NiO and FeMn is as low as about 200 degrees C. On the other hand, in the conventional 
example 1 which used the PtMn alloy for the antiferromagnetism layer, when environmental 
temperature becomes about 400 degrees C, the switched connection field has become 0 (Oe) 
and said PtMn alloy is used, it turns out that the magnetization condition of a fixed magnetic 
layer can be maintained at the condition of having been stabilized very much thermally. 
[0032] Although it will be thought also in the spin bulb mold thin film in this invention shown in 
drawing 27 that a switched connection field is set to 0 (Oe) if it becomes about 400 degrees C 
since blocking temperature is governed by the quality of the material used as an 
antiferromagnetism layer In the case where a PtMn alloy is used for an antiferromagnetism layer 
like this invention If it is possible to acquire high blocking temperature compared with NiO etc., a 
fixed magnetic layer is moreover divided to two-layer and magnetization of said two-layer fixed 
magnetic layer is changed into a ferry condition By the time it reaches blocking temperature, a 
very large switched connection field can be acquired, and it becomes possible to maintain the 
magnetization condition of said two-layer fixed magnetic layer at the condition of having been 
stabilized thermally. 

[0033] moreover, as a nonmagnetic interlayer currently formed between the 1 st fixed magnetic 
layer and the 2nd fixed magnetic layer in this invention When one sort or two sorts or more in 
Ru, Rh, Ir, Cr, Re, and Cu are used and an antiferromagnetism layer is formed below a free 
magnetic layer in said nonmagnetic interlayer s thickness. It is changing by the case where it is 
formed in the bottom, and a switched connection field (Hex) can be enlarged by forming said 
nonmagnetic interlayer by the thickness of proper within the limits. In addition, said nonmagnetic 
interlayers suitable thickness value is explained in full detail, referring to a graph later. 
[0034] If a fixed magnetic layer is furthermore divided and formed in two-layer according to this 
invention, even if it makes thin thickness of the antiferromagnetism layer formed with a PtMn 
alloy etc., it will be possible to acquire a large switched connection field (Hex), and 
comprehensive thickness of said whole spin bulb mold thin film can be made thin by the ability of 
the antiferromagnetism layer which had the thickest thickness in the film configuration of a spin 
bulb mold thin film to be made thin. It is possible to be able to shorten the distance from the gap 
layer formed in the spin bulb mold thin-film bottom to the gap layer formed in the spin bulb mold 
thin-film bottom, i.e., gap length, and to deal with narrow gap-ization by the ability of an 
antiferromagnetism layer to be formed thinly, even if it makes thick to extent which can fully 
maintain insulation thickness of a gap layer in which said spin bulb mold thin film is formed up 
and down. 

[0035] By the way, when a fixed; magnetic layer was divided through a nonmagnetic interlayer to 
twoHayer [ of the 1st fixed^ magnetic layer and the 2nd fixed magnetic layer ] and the thickness 
of said 1 st fixed magnetic layer and the 2nd fixed magnetic layer was formed with the same 
value like this invention, the experiment showed that a switched connection field (Hex) and 
delta MR (resistance rate of change) fell extremely. If the thickness of the 1st fixed magnetic 
layer and the 2nd fixed magnetic layer is formed by the same thickness It is surmised that it is 
because the magnetization condition of said 1 st fixed magnetic layer and the 2nd fixed magnetic 
layer stops being able to become anti-parallel (ferry condition) easily, and since the 
magnetization condition of said 1st fixed magnetic layer and the 2nd fixed magnetic layer is not 
in an anti-parallel condition It will become impossible to control whenever [ with fluctuation 
magnetization of a free magnetic layer / angular relation ] proper. 

[0036] so, in this invention, a large switched connection field obtains by not forming said 1st 
fixed magnetic layer and the 2nd fixed magnetic layer by the same thickness, but forming them 
by different thickness — having — coincidence — deltaMR — the former and until comparable - 
- it is possible to make it high. In addition, the thickness ratio of the 1 st fixed magnetic layer and 
the 2nd fixed magnetic layer is explained in full detail with reference to a graph later. 
[0037] By this invention, a fixed magnetic layer is divided through a nonmagnetic interlayer to 
two-layer [ of the 1st fixed magnetic layer and the 2nd fixed magnetic layer ] as mentioned 
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above. Furthermore, by the interface with said 1st fixed magnetic layer, such as a PtMn alloy, as 
an antiferromagnetism layer by using the antiferromagnetism ingredient which demonstrates a 
large switched connection field (exchange anisotropy field) The switched connection field (Hex) 
of the whole spin bulb mold thin film can be enlarged, and it is possible to maintain magnetization 
of the 1st fixed magnetic layer and the 2nd fixed magnetic layer at the anti-parallel condition 
(ferry condition) stabilized thermally. 

[0038] By controlling the direction which especially passes a sense current by this invention in 
the proper direction The direction of the sense current field formed by passing a sense current, 
The direction of the synthetic magnetic moment which adds the magnetic moment of the 1st 
fixed magnetic layer and the magnetic moment of the 2nd fixed magnetic layer, and can search 
for them is made in agreement. By this The magnetization condition of said 1 st fixed magnetic 
layer and the 2nd fixed magnetic layer will be thermally stabilized possible more by 
[0039] 

[Embodiment of the Invention] The cross-sectional view having shown the spin bulb mold thin 
film of the 1st operation gestalt [ in / in dra wi n g 1 / this invention ] in mimetic diagram and 
drawing 2 are the sectional views which looked at the spin bulb mold thin film of drawing 1 from 
the opposed face side with a record medium. The shielding layer is formed in the upper and lower 
sides of this spin bulb mold thin film through the gap layer, and the thin film magnetic head for 
playback (MR head) consists of said spin bulb mold thin film, a gap layer, and a shielding layer. In 
addition, on the thin film magnetic head for said playback, the laminating of the inductive head for 
record may be carried out. 

[0040] Said thin film magnetic head is prepared in the trailing side edge section of the surfacing 
type slider formed in the hard disk drive unit etc., and detects record fields, such as a hard disk. 
In addition, the migration direction of magnetic-recording media, such as a hard disk, is an 
illustration Z direction, and the direction of the leak field from a magnetic-recording medium is 
the direction of Y. 

[0041] Much more, every, it is the formed so— called single spin bulb mold thin film, and an 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, and the free 
magnetic layer of drawing 1 and the spin bulb mold thin film shown in 2 are the substrate layers 
10 in which the layer formed in the bottom was formed by non-magnetic materials, such as Ta. 
' n d rawin g 1 and 2, the antiferromagnetism layer 1 1 is formed on said substrate layer 10, and the 
1st fixed magnetic layer 12 is formed on said antiferromagnetism layer 1 1. And as shown in 
drawing 1 , the nonmagnetic interlayer 13 is formed on said 1st fixed magnetic layer 12, and the 
2nd fixed magnetic layer 14 is further formed on said nonmagnetic interlayer 13. 
[0042] Said 1 st fixed magnetic layer 1 2 and the 2nd fixed magnetic layer 1 4 are formed with for 
example, Co film, the NiFe alloy, the CoNiFe alloy, the CoFe alloy, etc. Moreover, as for said 
antiferromagnetism layer 1 1, in this invention, being formed with the PtMn alloy is desirable. 
Compared with a NiMn alloy, a FeMn alloy, etc. which are used as an antiferromagnetism layer 
from the former, it excels in corrosion resistance, and moreover, a PtMn alloy has high blocking 
temperature and its switched connection field (exchange anisotropy field) is also large. Moreover, 
in this invention, it replaces with said PtMn alloy and may be formed with the X-Mn (however, X 
is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, and Ru) alloy, or the Pt-Mn- 
X' (however, X* is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and 
Ag) alloy. 

[0043] By the way, the arrow head shown in the 1 st fixed magnetic layer 1 2 and the 2nd fixed 
magnetic layer 14 which are shown in drawing 1 expresses the magnitude of each magnetic 
moment, and its direction, and the magnitude of said magnetic moment is determined with the 
value to which saturation magnetization (Ms) and thickness (t) were applied. Since it is formed 
according to the quality of the material with same 1 st fixed magnetic layer 1 2 and 2nd fixed 
magnetic layer 14 which are shown in drawing 1 , for example, Co film, and the thickness tP2 of 
the 2nd fixed magnetic layer 14 is moreover formed more greatly than the thickness tP1 of the 
1st fixed magnetic layer 12, compared with the 1st fixed magnetic layer 12, the magnetic 
moment is [the direction of the 2nd fixed magnetic layer 14 ] large. In addition, in this invention, 
it needs to have the magnetic moment from which the 1st fixed magnetic layer 12 and the 2nd 
fixed magnetic layer 14 differ, therefore the thickness tP1 of the 1st fixed magnetic layer 12 may 
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be formed more thickly than the thickness tP2 of the 2nd fixed magnetic layer 1 4. 
[0044] As shown in drawing 1 , the 1st fixed magnetic layer 12 is magnetized in the direction of 
illustration Y, i.e., the direction which separates from a record medium, (the height direction), and 
magnetization of the 2nd fixed magnetic layer 14 which counters through the nonmagnetic 
interlayer 13 is magnetized by the magnetization direction of said 1st fixed magnetic layer 12, 
and anti-parallel. By forming the 1st fixed magnetic layer 12 in contact with the 
antiferromagnetism layer 1 1, and giving annealing in a magnetic field (heat treatment), as a 
switched connection field (exchange anisotropy field) occurs in the interface of said 1st fixed 
magnetic layer 1 2 and antiferromagnetism layer 1 1 , for example, it is shown in drawin g 1 , 
magnetization of said 1st fixed magnetic layer 12 is fixed in the direction of illustration Y. 
Magnetization of the 2nd fixed magnetic layer 14 which magnetization of said 1st fixed magnetic 
layer 12 will counter through the nonmagnetic interlayer 12 if fixed in the direction of illustration 
Y is fixed in the condition of magnetization of the 1st fixed magnetic layer 12, and anti-parallel. 
[0045] In this invention, the thickness ratio tP 2 of the thickness tP1 of said 1st fixed magnetic 
layer 12 and the 2nd fixed magnetic layer 14 is rationalized, and, as for (thickness tP1 of 1st 
fixed magnetic layer)/(thickness tP2 of the 2nd fixed magnetic layer), it is desirable that it is 
within the limits of 0.33 to 0.95, or 1.05-4. If it is this within the limits, a switched connection 
field can be enlarged, but if the thickness of the 1st fixed magnetic layer 12 and the 2nd fixed 
magnetic tayer 14 itself becomes thick at above-mentioned within the limits, since a switched 
connection field tends to fall, it will rationalize the thickness of the 1st fixed magnetic layer 12 
and the 2nd fixed magnetic layer 1 4 by this invention. 

[0046] It is desirable that it is within the limits the thickness tP1 of the 1st fixed magnetic layer 
12 and whose thickness tP2 of the 2nd fixed magnetic layer 14 are 10-70A in this invention, and 
the absolute value which lengthened the thickness tP2 of the 2nd fixed magnetic layer 14 from 
the thickness tP1 of the 1st fixed magnetic layer 12 is 2A or more. If it is within the limits and a 
thickness ratio and thickness are adjusted [ above-mentioned ] proper, it is possible to acquire 
the switched connection field (Hex) more than at least 500 (Oe). A switched connection field is 
the magnitude of the external magnetic field when being set to deltaMR of the one half of 
maximum deltaMR (resistance rate of change) here. Said switched connection field (Hex) It is a 
synthetic thing including all the fields, such as a switched connection field (RKKY interaction) 
generated between the switched connection field (exchanger anisotropy field) and the 1st fixed 
magnetic layer 12 which are generated in the interface of the antiferromagnetism layer 1 1 and 
the 1st fixed magnetic layer 12, and the 2nd fixed magnetic layer 14. 
[0047] Moreover, as for aforementioned (thickness tP1 of the 1st fixed magnetic layer)/ 
(thickness tP2 of the 2nd fixed magnetic layer), in this invention, it is more desirable that it is 
within the limits of 0.53 to 0.95, or 1.05-1.8. Moreover, it is [ above-mentioned ] within the limits, 
and both the thickness tP1 of the 1st fixed magnetic layer 12 and the thickness tP2 of the 2nd 
fixed magnetic layer 14 are within the limits of 10-50A, and, as for the absolute value which 
moreover lengthened the thickness tP2 of the 2nd fixed magnetic layer 14 from the thickness 
tPI of the 1 st fixed magnetic layer 1 2, it is desirable [ the thickness ] that it is 2A or more. It is 
[ above-mentioned ] within the limits, and if the thickness tP1 of the thickness ratio of the 1st 
fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 and the 1st fixed magnetic layer 12 
and the thickness tP2 of the 2nd fixed magnetic layer 14 are adjusted proper, it is possible to 
acquire the switched connection field more than at least 1000 (Oe). Moreover, if it is the 
thickness ratio and thickness of above-mentioned within the limits, while a switched connection 
field (Hex) can be enlarged, deltaMR (resistance rate of change) can also be made [ the former 
and ] high to the same extent. It is possible for it to be stabilized and to maintain magnetization 
of the 1st fixed magnetic layer 12 and magnetization of the 2nd fixed magnetic layer 14 at an 
anti-parallel condition, so that a switched connection field is large. By using the PtMn alloy which 
blocking temperature is especially high as an antiferromagnetism layer 1 1 in this invention, and is 
moreover made to generate a large switched connection field (exchange anisotropy field) in an 
interface with the 1 st fixed magnetic layer 1 2 Also thermally it is stabilized and the 
magnetization condition of said 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 
can be maintained. 

[0048] By the way, the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 are 
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formed with the same quality of the material, and, moreover, it is checked by experiment that a 
switched connection field (Hex) and deltaMR fall extremely that the thickness of said 1st fixed 
magnetic layer 12 and the 2nd fixed magnetic layer 14 is the same value. This Ms-tP1 (magnetic 
moment) of the 1 st fixed magnetic layer 1 2, When Ms-tP2 (magnetic moment) of the 2nd fixed 
magnetic layer 14 is the same value, When magnetization of said 1st fixed magnetic layer 12 and 
magnetization of the 2nd fixed magnetic layer 1 4 will not be in an anti-parallel condition but the 
direction variance (the amount of magnetic moments which is suitable in the various directions) 
of said magnetization increases, it is because whenever [ with magnetization of the free 
magnetic layer 16 mentioned later / angular relation ] is uncontrollable proper. 
[0049] In order to solve such a problem, when making [ 12 ] Ms-t of the 1st fixed magnetic layer 
12 and the 2nd fixed magnetic layer 14 into a different value, i.e., the 1st fixed magnetic layer, 
and the 2nd fixed magnetic layer 14 are formed in the 1st with the same quality of the material, 
it is necessary to form said 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 by 
different thickness. In this invention, as mentioned above, the thickness ratio of the 1st fixed 
magnetic layer 12 and the 2nd fixed magnetic layer 14 is rationalized, but in the thickness ratio, 
when the thickness tP1 of said 1st fixed magnetic layer 12 and the thickness tP2 of the 2nd 
fixed magnetic layer 14 become the almost same value, specifically, the thickness ratio of 0.95- 
1 .05 within the limits is excepted from the proper range. 

[0050] Like this invention next, by giving a PtMn alloy etc. to the antiferromagnetism layer 1 1 
and giving annealing in a magnetic field (heat treatment) after membrane formation When the 
antiferromagnetism ingredient made to generate a switched connection field (exchange 
anisotropy field) in an interface with the 1st fixed magnetic layer 12 is used Even if it sets Ms-t 
of the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 as a different value 
Unless it controls the direction of the impression magnetic field under heat treatment, and its 
magnitude proper, direction variance cannot increase or rt cannot control proper in the direction 
which wants to turn said magnetization to magnetization of the 1st fixed magnetic layer 12, and 
magnetization of the 2nd fixed magnetic layer 1 4. 
[0051] 
[Table 1] 
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In Table 1, when Ms-tPI of the 1st fixed magnetic layer 12 is larger than Ms-tP2 of the 2nd 
fixed magnetic layer and it changes the magnitude of the magnetic field under heat treatment, 
and its direction, it means in which direction magnetization of the 1st fixed magnetic layer 12 and 
the 2nd fixed magnetic layer 1 4 is suitable. 

[0052] k [ 100-/ 1 ] (Oe) In (1) of Table 1, the direction of the magnetic field under heat 
treatment is given to illustration left-hand side. In this case, since Ms^tPI of the 1st fixed 
magnetic layer 12 is larger than Ms-tP2 of the 2nd fixed magnetic layer 14, magnetization of the 
1st dominant fixed magnetic layer 12 tends to learn in the direction of an impression magnetic 
field, and magnetization of the 2nd fixed magnetic layer 14 tends to be in an anti-parallel 
condition toward the illustration left by the switched connection field (RKKY interaction) with the 
1st fixed magnetic layer 12. In (2) of Table 1, if the magnetic field of 100-1k (Oe) is impressed 
rightward, magnetization of the 1st dominant fixed magnetic layer 12 will learn in the direction of 
an impression magnetic field, and magnetization of the 2nd fixed magnetic layer 14 will become 
anti-parallel to magnetization of the 1st fixed magnetic layer 12 toward the right. In (3) of Table 
1, if the magnetic field more than 5k (Oe) is given rightward, first, magnetization of the 1st 
dominant fixed magnetic layer 12 will be learned in the direction of an impression magnetic field, 
and will be suitable rightward. By the way, since the switched connection field (RKKY interaction) 
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generated between the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 is 1k(Oe) 
k [ -5] (Oe) extent, if the magnetic field more than 5k (Oe) is impressed, the 2nd fixed magnetic 
layer 14 will also turn to the direction of an impression magnetic field, i.e.. the illustration right. 
Similarly, in (4) of Table 1, if the magnetic field more than 5k (Oe) is impressed leftward, both 
magnetization of the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 will be 
suitable leftward [ illustration ]. 
[0053] 
[Table 2] 

12 

& i tomftzmm m& ■ tpi< & z <am&mm m s • tP2 





<1> 

ICO-lKOe 


C2) . 

100~-lKCte 


C3> 

5K03 


C4> 

£l-5KOe£(± 





















In Table 2, when Ms-tR2 of the 2nd fixed magnetic layer also has small Ms-tP1 of the 1st fixed 
magnetic layer 12 and it changes the magnitude of the impression magnetic field under heat 
treatment, and its direction, it means in whjch direction magnetization of the 1st fixed magnetic 
layer 12 and the 2nd fixed magnetic layer 14 is suitable. 

[0054] In (1) of Table 2, if the magnetic field of 100-1k (Oe) is given leftward [ illustration ], 
magnetization of the 2nd large fixed magnetic layer 14 of Ms-tP2 becomes dominant, and 
magnetization of said 2nd fixed magnetic layer 14 will learn in the direction of an impression 
magnetic field, and will be suitable leftward [ illustration ]. By the switched connection between 
the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 (RKKY interaction), 
magnetization of said 1st fixed magnetic layer 12 becomes anti-parallel to magnetization of said 
2nd fixed magnetic layer 14. Similarly, if the magnetic field of 100-1k (Oe) is given rightward 
[ illustration ], magnetization of the 2nd dominant fixed magnetic layer 14 will be suitable [ as for 
magnetization of the 1st fixed magnetic layer 12 ] in (2) of Table 2, leftward [ illustration ] toward 
the illustration right. In (3) of Table 2, if the magnetic field more than 5k (Oe) is given rightward 
[ illustration ] f both magnetization of said 1st fixed magnetic layer 12 and the 2nd fixed magnetic 
layer 14 will be suitable rightward [ illustration ] by impressing the magnetic field beyond the 
switched connection between the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 
14 (RKKY interaction). In (4) of Table 2, if the magnetic field more than 5k (Oe) is impressed 
leftward [ illustration ], both magnetization of the 1st fixed magnetic layer 12 and the 2nd fixed 
magnetic layer 14 will turn to the illustration left. 

[0055] Here, when it is going to turn magnetization of the 1st fixed magnetic layer 12 rightward 
[ illustration ], the direction of a magnetic field under proper heat treatment and its magnitude 
are (2) and (3) in Table 1, and (1) and (3) in Table 2. In both Table 1 (2) and (3), magnetization of 
said 1st fixed magnetic layer 12: is fixed rightward toward the right by the switched connection 
field (exchange anisotropy field) in an interface with the antiferromagnetism layer 1 1 generated 
by heat treatment in response to the effect of the impression magnetic field of the right 
[ magnetization / of the 1st large fixed magnetic layer 12 of Ms^tPI ] under heat treatment at 
this time. If the magnetic field more than 5k (Oe) is removed, the 2nd fixed magnetic layer 14 will 
reverse magnetization of said 2nd fixed magnetic layer 1 4 by the switched connection field 
(RKKY interaction) generated between the 1 st fixed magnetic layer 1 2, and it will be suitable 
leftward in Table 1 (3). By Table 2 (1) and (3), magnetization of the 1st fixed magnetic layer 12 
turned rightward is similarly fixed rightward by the switched connection field (exchange 
anisotropy field) in an interface with the antiferromagnetism layer 1 1. In Table 2 (3), when the 
magnetic field more than 5k (Oe) is removed, the 2nd fixed magnetic layer 14 reverses 
magnetization of said 2nd fixed magnetic layer 14 by the switched connection field (RKKY 
interaction) generated between the 1st fixed magnetic layer 12, and it is fixed leftward. 
[0056] By the way, as shown in Table 1 and 2, the magnitude of the magnetic field impressed 
during heat treatment is 100— 1k (Oe), or more than 5k (Oe), and has removed the magnitude of 
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the magnetic field of the range of 1 k (Oe) - 5k (Oe) from the proper range. This is based on the 
following reasons. By giving a magnetic field, magnetization of the large fixed magnetic layer of 
Ms-t is taken as the other side in the direction of a magnetic field. However, even magnetization 
of the small fixed magnetic layer of Ms~t considers as the other side in the direction of a 
magnetic field for the magnitude of the magnetic field under heat treatment to be between 1 k 
(Oe) - 5k (Oe), strongly in response to the fact that the effect of a magnetic field. Magnetization 
of the two-layer fixed magnetic layer which is going to become anti-parallel does not become 
anti-parallel in response to the effect of a strong magnetic field, but the so-called magnetization 
variance which magnetization of said fixed magnetic layer makes the other side in the various 
directions increases, and it becomes impossible for this reason, to magnetize magnetization of a 
two-layer fixed magnetic layer in the anti-parallel condition proper by the switched connection 
field (RKKY interaction) generated between fixed magnetic layers. Therefore, in this invention, 
the magnitude of the magnetic field of 1k (Oe) - 5k (Oe) is removed from the proper range. In 
addition, it is because magnetization of the large fixed magnetic layer of Ms~t cannot be turned 
in the direction of an impression magnetic field unless having carried out magnitude of the 
magnetic field under heat treatment to more than 100 (Oe) gives a magnetic field of this level. In 
addition, if it is the case where the antiferromagnetism layer 1 1 which needs heat treatment is 
used, the magnitude of the magnetic field under heat treatment mentioned above and the control 
approach of the direction can be applied even when the NiMn alloy which can apply even if it is 
the case where what kind of antiferromagnetism ingredient is used, for example, is used as an 
antiferromagnetism layer 1 1 from the former is used. 

[0057] As mentioned above, by storing the thickness ratio of the 1st fixed magnetic layer 12 and 
the 2nd fixed magnetic layer 14 within proper limits in this invention, a switched connection field 
(Hex) can be enlarged, magnetization of the 1st fixed magnetic layer 12 and the 2nd fixed 
magnetic layer 1 4 can be maintained at the anti-parallel condition (ferry condition) stabilized also 
thermally, and it is possible to secure deftaMR (resistance rate of change) to the same extent as 
the former moreover. By furthermore controlling the magnitude of the magnetic field under heat 
treatment, and its direction proper, it becomes possible to control the magnetization direction of 
the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 in the direction to acquire. 
[0058] by the way — as mentioned above, the magnetic moment (magnetic thickness) can be 
searched for by the product of saturation magnetization Ms and Thickness t, for example, it is 
NiFe of a bulk solid-state — saturation magnetization Ms — about 1.0 — it is T (tesla) and is 
Co of a bulk solid-state — saturation magnetization Ms — about 1.7 — it is known that it is T. 
Therefore, when the thickness of said NiFe film is 30A, the magnetic thickness of said NiFe film 
serves as a 30A tesla. Since the magnetostatic energy of the ferromagnetic when adding a field 
from the exterior is proportional to crossing with magnetic thickness and an external magnetic 
field, when the large ferromagnetic of magnetic thickness and the small ferromagnetic of 
magnetic thickness are in the ferry condition by the RKKY interaction through the nonmagnetic 
interlayer, a ferromagnetic with larger magnetic thickness becomes easy to turn to the direction 
of an external magnetic field. 

[0059] However, the case of the ferromagnetic which carried out laminating contact with 
nonmagnetic membranes, such as a tantalum (Ta), and a ruthenium (Ru), copper (Cu), Since a 
nonmagnetic membrane atom, an antiferromagnetism film atom, and a ferromagnetic atom (nickel, 
Fe, Co) come into contact with directly in the case of the ferromagnetic which carried out 
laminating contact with antiferromagnetism layers, such as PtMn film, It is known that the 
saturation magnetization Ms of the ferromagnetic near an interface with a nonmagnetic 
membrane or the antiferromagnetism film will become smaller than the saturation magnetization 
Ms of a bulk solid-state. Furthermore, if heat treatment is performed to a ferromagnetic, a 
nonmagnetic membrane, and the laminating multilayers of an antiferromagnetism layer, it is 
known that interface diffusion will advance and distribution of the direction of thickness will arise 
in the saturation magnetization Ms of a ferromagnetic by said heat treatment. That is, saturation 
magnetization Ms is the phenomenon of approaching the saturation magnetization Ms of a bulk 
solid-state as the saturation magnetization Ms of the location near a nonmagnetic membrane or 
an antiferromagnetism layer is small and it separates from an interface with a nonmagnetic 
membrane or the antiferromagnetism film. 
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[0060] In order to be dependent on the ingredient of a nonmagnetic membrane, the ingredient of 
an antiferromagnetism layer, the ingredient of a ferromagnetic, built-up sequence, heat treatment 
temperature, etc., in each specified condition, it must ask for reduction of the saturation 
magnetization Ms of a nonmagnetic membrane or the ferromagnetic of the location near an 
antiferromagnetism layer correctly. The magnetic thickness in this invention is the value which 
also took into consideration and computed the decrement of the saturation magnetization Ms 
produced by thermal diffusion with a nonmagnetic membrane or an antiferromagnetism layer. 
[0061] Although it is required to form a diffusion layer by the interface of the PtMn film and a 
ferromagnetic by heat treatment in order to acquire a switched connection field by the interface 
of the PtMn film and a ferromagnetic, reduction of the saturation magnetization Ms of the 
ferromagnetic accompanying formation of a diffusion layer will be dependent on the built-up 
sequence of the PtMn film and a ferromagnetic. 

[0062] If it is when the antiferromagnetism layer 1 1 is formed below the free magnetic layer 16 
as shown especially in drawing 1 , it is easy to generate a thermal diffusion layer in the interface 
of said antiferromagnetism layer 1 1 and the 1st fixed magnetic layer 12, and, for this reason, the 
magnetic thickness of said 1 st fixed magnetic layer 1 2 is small compared with the actual 
thickness tPI. However, when the magnetic thickness of said 1st fixed magnetic layer 12 
becomes small too much, a magnetic thickness (magnetic moment) difference with the 2nd fixed 
magnetic layer 14 becomes large too much, and when the rate of the thermal diffusion layer 
occupied to said 1st fixed magnetic layer 12 increases, there is a problem of leading to the fall of 
a switched connection field. Namely, the antiferromagnetism layer 1 1 which needs heat 
treatment like this invention since a switched connection field is generated in an interface with 
the 1st fixed magnetic layer 12 is used. In order to change the magnetization condition of the 1st 
fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 into a ferry condition Unless it 
rationalizes not only rationalization of the thickness of said 1st fixed magnetic layer 12 and the 
2nd fixed magnetic layer 14 but said magnetic thickness of the 1st fixed magnetic layer 12 and 
the 2nd fixed magnetic layer 14, the stable magnetization condition cannot be maintained. 
[0063] If there is no difference in the magnetic thickness of the 1st fixed magnetic layer 12 and 
the 2nd fixed magnetic layer 14 to some extent as mentioned above, a magnetization condition 
leads to the fall of a switched, connection field and is not desirable, even if it will be hard to be in 
a ferry condition and the difference of the magnetic thickness of the 1st fixed magnetic layer 12 
and the 2nd fixed magnetic layer 14 becomes large too much. So, as for (magnetic thickness of 
1st fixed magnetic layer 1 2)/(magnetic thickness of the 2nd fixed magnetic layer 14), in this 
invention, it is desirable like the thickness ratio of the 1 st fixed magnetic layer 1 2 and the 2nd 
fixed magnetic layer 14 that it is with within the limits of 0.33 to 0.95, or 1.05-4. moreover — 
this invention — the magnetic thickness of the 1st fixed magnetic layer 12, and the magnetic 
thickness of the 2nd fixed magnetic layer 14 — within the limits of 10-70 (angstrom tesla) — 
and it is desirable that the absolute value which lengthened the magnetic thickness of the 2nd 
fixed magnetic layer 14 from the magnetic thickness of the 1st fixed magnetic layer 12 is more 
than two (angstrom tesla). 

[0064] Moreover (magnetic thickness of the 1 st fixed magnetic layer 1 2), it is more desirable 
that / (magnetic thickness of the 2nd fixed magnetic layer 14) is within the limits of 0.53 to 0.95, 
or 1.05-1.8. Moreover, it is [ above-mentioned ] within the limits, and both the magnetic 
thickness of the 1st fixed magnetic layer 12 and the magnetic thickness of the 2nd fixed 
magnetic layer 14 are within the limits of 10-50 (angstrom tesla), and, as for the absolute value 
which moreover lengthened the magnetic thickness of the 2nd fixed magnetic layer 14 from the 
magnetic thickness of the 1st fixed magnetic layer 12, it is desirable that it is more than two 
(angstrom tesla). 

[0065] Next, the nonmagnetic interlayer 13 who intervenes between the 1st fixed magnetic layer 
12 and the 2nd fixed magnetic layer 14 which are shown in drawing 1 is explained. As for the 
nonmagnetic interlayer 13 who intervenes in this invention between the 1st fixed magnetic layer 
12 and the 2nd fixed magnetic layer 14, it is desirable to be formed with one sort or two sorts or 
more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. By this invention, said proper nonmagnetic 
interlayer's 13 thickness value is changed by whether it is formed below the free magnetic layer 
16 which the antiferromagnetism layer 1 1 mentions later, or it is formed in the bottom. 
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[0066] As for the thickness of said nonmagnetic interlayer 1 3 as shown in drawin g 1 , in case the 
antiferromagnetism layer 1 1 is formed below the free magnetic layer 1 6, it is desirable to be 
formed within the limits of 3.6-9.6A. If it is this within the limits, it is possible to acquire the 
switched connection field (Hex) more than 500 (Oe). Moreover, if said nonmagnetic interlayer s 
1 3 thickness is formed within the limits of 4-9.4A, since it can acquire the switched connection 
field more than 1000 (Oe), it is more desirable. If formed with dimensions other than the 
dimension which the nonmagnetic interlayer s 1 3 thickness mentioned above, it is checked by 
experiment that a switched connection field falls extremely. That is, when said nonmagnetic 
interlayer 1 3 is formed of dimensions other than the above-mentioned dimension, magnetization 
with said 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 stops it to be able to 
be easily in an anti-parallel condition (ferry condition), and there is a problem that said 
magnetization condition destabilizes. 

[0067] As shown in drawing 1 , on the 2nd fixed magnetic layer 14, the nonmagnetic conductive 
layer 15 formed by Cu etc. is formed, and the free magnetic layer 16 is further formed on said 
nonmagnetic conductive layer 15. As shown in drawi ng 1 , the free magnetic layer 16 is formed 
by two-layer, and the layer of the sign 1 7 formed in the side which touches said nonmagnetic 
conductive layer 15 is formed by Co film. Moreover, another layer 18 is formed with the NiFe 
alloy, a CoFe alloy or a CoNiFe alloy, etc. In addition, the reason for forming the layer 17 of Co 
film in the side which touches the nonmagnetic conductive layer 15 is that diffusion of the 
metallic element in an interface with said nonmagnetic conductive layer 1 5 formed by Cu etc. 
can be prevented, and it can enlarge deltaMR (resistance rate of change). In addition, a sign 1 9 is 
the protective layer formed by Ta etc. Moreover, as shown in drawing 2 , the conductive layer 
131 formed by the hard bias layer 130 formed with the Co-Pt alloy, the Co-Cr-FH: alloy, etc., and 
Cu and Cr is formed in the both sides of the layered product from the substrate layer 10 to a 
protective layer 19, and magnetization of said free magnetic layer 16 is in the condition of having 
been magnetized in the direction of illustration X, in response to the effect of the bias field of 
said hard bias layer. 

[0068] In the spin bulb mold thin film in drawing 1 , a sense current is given to the free magnetic 
layer 16, the nonmagnetic conductive layer 15, and the 2nd fixed magnetic layer 14 from said 
conductive layer. If a field is given in the direction of illustration Y shown in dr awing 1 from a 
record medium, when magnetization of the free magnetic layer 16 is changed in the direction of 
Y from illustration X and dispersion of the conduction electron for which it depended on spin by 
the interface of the nonmagnetic conductive layer 1 5 at this time and the free magnetic layer 1 6 
and the interface of the nonmagnetic conductive layer 15 and the 2nd fixed magnetic layer 14 
takes place, electric resistance will change and the leak field from a record medium will be 
detected. 

[0069] By the way, said sense current flows to the interface of the 1st fixed magnetic layer 12 
and the nonmagnetic interlayer 13 etc. in fact. Said 1st fixed magnetic layer 12 does not 
participate in deltaMR directly, but said 1st fixed magnetic layer 12 is the layer which, so to 
speak, bore the auxiliary role for fixing the 2nd fixed magnetic layer 14 which participates in 
deltaMR in the proper direction. For this reason, although it becomes a shunt loss (current loss) 
that a sense current flows to the 1st fixed magnetic layer 12 and nonmagnetic interlayer 13, 
there are very few amounts of this shunt loss, and it is possible to obtain deltaMR almost 
comparable as the former in this invention. 

[0070] By the way, in this invention, even if it made thickness of the antiferromagnetism layer 1 1 
thin by dividing a fixed magnetic layer through the nonmagnetic interlayer 13 to two-layer [ of 
the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 ], the experiment showed a 
big switched connection field (Hex) and that the switched connection field more than 500 (Oe) 
could specifically be acquired. 

[0071] If thickness at least 200A or more is not secured and said antiferromagnetism layer 11 is 
formed by at least 90A or more by this invention although the switched connection field more 
than 500 (Oe) was not able to be acquired when a PtMn alloy is conventionally used as an 
antiferromagnetism layer 1 1 of a single spin bulb mold thin film, it is possible to acquire the 
switched connection field more than 500 (Oe). Moreover, if said thickness is made into 100A or 
more, it is possible to acquire the switched connection field more than 1000 (Oe). In addition, the 
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numerical range of the thickness of said antiferromagnetism layer 1 1 is the case of a single spin 
bulb mold thin film, and the thickness range where an antiferromagnetism layer is proper a little 
in the case of the so-called dual spin bulb mold thin film in which a free magnetic layer is formed 
up and down differs. About the case of a dual spin bulb mold thin film, it mentions later. Thus, 
according to this invention, it is possible to make thin thickness of the whole spin bulb mold thin 
film by the ability of the antiferromagnetism layer 1 1 which had the biggest thickness in a spin 
bulb mold thin film to be formed by the thickness below one half compared with the former. 
[0072] Drawin g 13 is the sectional view in which the spin bulb mold thin film was formed and 
which read and looked at the structure of a head from the opposed face side with a record 
medium. A sign 120 is the lower shielding layer formed for example, with the NiFe alloy etc., and 
the lower gap layer 121 is formed on this lower shielding layer 120; Moreover, the spin bulb mold 
thin film 122 in this invention is formed, and the hard bias layer 123 and the conductive layer 124 
are formed in the both sides of said spin bulb mold thin film 122 by said lower gap layer 121 top. 
Furthermore, the up gap layer 125 is formed on said conductive layer 124, and the up shielding 
layer 126 formed with the NiFe alloy etc. is formed on said up gap layer 125. Said lower gap layer 
123 and the up gap layer 125 are formed of insulating materials, such as Si02 and aluminum 203 
(alumina). As shown in drawin g 1 3 , the die length from the lower gap layer 121 to the up gap 
layer 125 is gap length Gl, and it can respond to high recording density-ization, so that this gap 
length Gl is small. 

[0073] Since thickness of the spin bulb mold thin-film 1 22 whole can be made thin by the ability 
of thickness of the antiferromagnetism layer 11 to be made thin as mentioned above in this 
invention, it is possible to shorten said gap length Gl. Moreover, even if it makes comparatively 
thick thickness of the lower gap layer 121 and the up gap layer 125, insulation is fully securable 
by being able to make gap length Gl small compared with the former, and forming thickly the 
lower gap layer 121 and the up gap layer 125. 

[0074] First, from the bottom, the spin bulb mold thin film shqwn in drawing 1 forms the 
substrate layer 1 0, the antiferromagnetism layer 1 1 , the 1 st fixed magnetic layer 1 2, the 
nonmagnetic interlayer 13, the 2nd fixed magnetic layer 14, the nonmagnetic conductive layer 15, 
the free magnetic layer 1 6, and a protective layer 1 9, and gives annealing in a magnetic field 
(heat treatment) in the process after membrane formation. In the spin bulb mold thin, film shown 
in drawing 1 , the thickness tPI of the 1st fixed magnetic layer 12 is thinly formed compared 
with the thickness tP2 of the 2nd fixed magnetic layer 14, and the direction of the magnetic 
moment (Ms-tP1) of the 1st fixed magnetic layer 12 is small set up compared with the magnetic 
moment (Ms~tP2) of the 2nd fixed magnetic layer 14. In this case, the magnetic field more than 
5k (Oe) is impressed in the direction which wants to impress [ direction ] the magnetic field of 
100-1000 (Oe) in the direction contrary to a direction to turn magnetization of said 1st fixed 
magnetic layer 1 4 to; or to turn magnetization to it. 

[0075] By referring to Table 2 mentioned above shows that what is necessary is to impress the 
magnetic field of 100-1k (Oe), and (table 2(1) reference) in the direction contrary to the 
direction of illustration Y, or just to impress the magnetic field more than 5k (Oe) in the direction 
(to refer to Table 2 (3)) of Y to fix magnetization of the 1st fixed magnetic layer 12 in the 
direction of illustration Y f as shown in drawing 1 . By giving the magnetic field of 100-1k (Oe) in 
the direction contrary to the direction of Y t it is magnetized in the direction where magnetization 
of the 2nd fixed magnetic layer 14 with the large magnetic moment (Ms-tP2) is contrary to the 
direction of Y. Magnetization of the 1 st fixed magnetic layer 1 2 which is going to be magnetized 
by anti-parallel by the switched connection field (RKKY interaction) with said 2nd fixed magnetic 
layer is suitable in the direction of illustration Y. Magnetization of said 1 st fixed magnetic layer 
12 is fixed in the direction of illustration Y by the switched connection field (exchange anisotropy 
field) generated in an interface with said antiferromagnetism layer 11. By fixing magnetization of 
the 1st fixed magnetic layer 12 in the direction of illustration Y, magnetization of the 2nd fixed 
magnetic layer 14 is fixed to the 1st magnetization and anti-parallel of the fixed magnetic layer 
12. 

[0076] Or when the magnetic field more than 5k (Oe) is given in the direction of illustration Y t 
both magnetization of the 1st fixed magnetic layer 12 and the 2nd fixed magnetic layer 14 is 
magnetized in the direction of illustration Y, and magnetization of the 1st fixed magnetic layer 12 
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is fixed in the direction of illustration Y by the switched connection field (exchange anisotropy 
field) generated in an interface with the antiferromagnetism layer 11. When the impression 
magnetic field more than 5k (Oe) is removed, it is reversed with a switched connection field 
(RKKY interaction) with the 1st fixed magnetic layer 12, and magnetization of the 2nd fixed 
magnetic layer 14 is fixed to the direction of illustration Y, and an opposite direction. Or when 
the magnetic moment of the 1st fixed magnetic layer 12 is larger than the magnetic moment of 
the 2nd fixed magnetic layer 14, it impresses the magnetic field more than 100-1000 (Oe), or 5k 
(Oe) in the direction to turn magnetization of said 1st fixed magnetic layer 12 to. 
[0077] In addition, the spin bulb mold thin film shown in drawing 1 is most important part that 
constitutes the head for playback (thin film magnetic head), and first, after it forms a gap layer 
on the lower shielding layer made from a magnetic material, it forms said spin bulb mold thin film. 
Then, if an up shielding layer is formed through a gap layer on said spin bulb mold thin film, the 
head for playback (MR head) will be completed. In addition, the laminating of the inductive head 
for record which has the core and coil made from a magnetic material on said head for playback 
may be carried out. In this case, it is desirable to make said up shielding layer serve a double 
purpose as a lower core layer of an inductive head. In addition, the shielding layer is formed in 
the upper and lower sides like the spin bulb mold thin film which shows the spin bulb mold thin 
film after drawing 3 to drawing 1 . 

[0078] The cross-sectional view in which drawing 3 showed the structure of the spin bulb mold 
thin film of the 2nd operation gestalt of this invention in mimetic diagram, and drawing 4 are the 
sectional views which looked at the spin bulb mold thin film shown in drawing 3 from the opposed 
face side with a record medium. This spin bulb mold thin film is a single spin bulb mold thin film 
which made reverse the film configuration of the spin bulb mold thin film of dravyjng 1 , and 
formed it That is, by the spin bulb mold thin film shown in drawing 3 , the laminating is carried 
out from the bottom in the order of the substrate layer 10, the NiFe film 22, the Co film 23 (the 
NiFe film 22 and the Co film 23 are set, and it is the free magnetic layer 21), the nonmagnetic 
conductive layer 24, the 2nd fixed magnetic layer 25, the nonmagnetic interlayer 26, the 1st fixed 
magnetic layer 27, the antiferromagnetism layer 28, and a protective layer 29. 
[0079] In addition, being formed with the PtMn alloy is desirable, or rt replaces with a PtMn alloy, 
and said antiferromagnetism layer 28 is X-Mn (however, X). It may be formed with the alloy 
which are any one sort or two sorts or more of elements of Pd, Ir, Rh, and Ru, or the Pt-Mn- 
X' (however, X' is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and 
Ag) alloy. 

[0080] Also in this spin bulb mold thin film, as for (thickness tP1 of 1st fixed magnetic layer)/ 
(thickness tP2 of the 2nd fixed magnetic layer), it is desirable that it is within the limits of 0.33 
to 0.95, or 1.05-4, and the thickness ratio tP 2 of the thickness tP1 of said 1st fixed magnetic 
layer 27 and the 2nd fixed magnetic layer 25 is within the limits of 0.53 to 0.95, or 1 .05-1 .8 more 
preferably. And it is desirable that it is within the limits the thickness tP1 of the 1st fixed 
magnetic layer 27 and whose thickness tP2 of the 2nd fixed magnetic layer 25 are 10-70A, and 
the absolute value which lengthened the thickness tP2 of the 2nd fixed magnetic layer 25 from 
the thickness tP1 of the 1st fixed magnetic layer 27 is 2A or more. It is within the limits the 
thickness tP1 of the 1st fixed magnetic layer 27 and whose thickness tP2 of the 2nd fixed 
magnetic layer 25 are 10-50A still more preferably, and the absolute value which lengthened the 
thickness tP2 of the 2nd fixed magnetic layer 25 from the thickness tP1 of the 1st fixed 
magnetic layer 27 is 2A or more. 

[0081] If there is no difference in the magnetic thickness of the 1st fixed magnetic layer 27 and 
the 2nd fixed magnetic layer 25 to some extent as mentioned above, a magnetization condition 
leads to the fall of a switched connection field and is not desirable, even if it will be hard to be in 
a ferry condition and the difference of the magnetic thickness of the 1 st fixed magnetic layer 27 
and the 2nd fixed magnetic layer 25 becomes large too much. So, as for (magnetic thickness Ms- 
tP1 of 1st fixed magnetic layer 27)/(magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 
25), in this invention, it is desirable like the thickness ratio of the 1st fixed magnetic layer 27 and 
the 2nd fixed magnetic layer 25 that it is with within the limits of 0.33 to 0.95, or 1 .05-4. 
moreover — this invention — magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 27, and 
magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 25 — within the limits of 10-70 
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(angstrom tesla) — and it is desirable that the absolute value which lengthened magnetic 
thickness Ms~tP2 of the 2nd fixed magnetic layer 25 from magnetic thickness Ms^tPI of the 1st 
fixed magnetic layer 27 is more than two (angstrom tesla). 

[0082] Moreover (magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 27), it is more 
desirable that / (magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 25) is within the 
limits of 0.53 to 0.95, or 1.05-1.8. Moreover, it is [ above-mentioned ] within the limits, and both 
magnetic thickness Ms~tP1 of the 1st fixed magnetic layer 27 and magnetic thickness MsHP2 of 
the 2nd fixed magnetic layer 25 are within the limits of 10-50 (angstrom tesla), and, as for the 
absolute value which moreover lengthened magnetic thickness Ms-tP2 of the 2nd fixed magnetic 
layer 25 from magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 27, it is desirable [ Ms- 
tP ] that it is more than two (angstrom tesla). 

[0083] Next, as for the nonmagnetic interlayer 26 who intervenes between the 1 st fixed 
magnetic layer 27 and the 2nd fixed magnetic layer 25 which are shown in drawing 3 , it is 
desirable to be formed with one sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, Re, and 
Cu. As this invention shows to drawing 3 , when the antiferromagnetism layer 28 is formed above 
the free magnetic layer 21, as for said nonmagnetic interlayer s 26. thickness, it is desirable that 
it is within the limits of 2.5-6.4A or 6.6-1 0.7A. The switched connection field (Hex) more than at 
least 500 (Oe) can be acquired as it is this within the limits. 

[0084] Moreover, as for said nonmagnetic interlayer s 26 thickness, in this invention, it is more 
desirable that it is within the limits of 2.8-6.2A or 6.8-1 0.3A. It is possible to acquire the 
switched connection field more than at least 1000 (Oe) as it is this within the limits. Moreover, if 
said antiferromagnetism layer 28 is formed by at least 90A or more, it is possible to acquire the 
switched connection field more than 50Q (Oe). Moreover, if said thickness is made into 100A or 
more, it is possible to acquire the switched connection field more than 1000 (Oe). 
[0085] In the spin bulb mold thin film shown in drawing 3 , the thickness tP1 of the 1st fixed 
magnetic layer 27 is formed with a different value from the thickness tP2 of the 2nd fixed 
magnetic layer 25, for example, the direction of the thickness tPI of said 1 st fixed magnetic 
layer 27 is formed more thickly than the thickness tP2 of the 2nd fixed magnetic layer 25. 
Moreover, magnetization of said 1 st fixed magnetic layer 27 is magnetized in the direction of 
illustration Y, magnetization of said 2nd fixed magnetic layer 25 is magnetized in the direction 
contrary to the direction of illustration Y, and 1st fixed magnetic layer 27 and fixed magnetic 
layer of ** 2nd 25 magnetization is in the ferry condition. The control approach of the 
magnetization direction of the 1 st fixed magnetic layer 27 and the 2nd fixed magnetic layer 25 
shown in drawing 3 is explained below. 

[0086] Each class first shown in drawing 3 is formed by a spatter etc., and annealing in a 
magnetic field (heat treatment) is given in the process after membrane formation. When Ms-tP1 
(magnetic moment) of the 1 st fixed magnetic layer 27 is larger than Ms-tP2 (magnetic moment) 
of the 2nd fixed magnetic layer 25, it should just impress the magnetic field of 100-1000 (Oe), or 
5k (Oe) in the direction to turn magnetization of said 1st fixed magnetic layer 27 to. If it is going 
to turn the 1st large fixed magnetic layer 27 of Ms-tPI in the direction of illustration Y as shown 
in drawing 3 , while heat-treating the magnetic field more than 5k (Oe) (refer to Table 1 (3)) in 
the direction of 100-k [ 1 ] (Oe), (table 1(2) reference), or illustration Y, it will impress in the 
direction of illustration Y by referring to Table 1 mentioned above. 

[0087] In magnetization of the 1st large fixed magnetic layer 27 of Ms~tP1, by giving the 
magnetic field of 100-1k (Oe) in the direction of illustration Y, magnetization of the 2nd fixed 
magnetic layer 25 tends to be in an anti-parallel condition toward the direction of illustration Y. 
And the switched connection field (exchange anisotropy field) generated in the interface of said 
1 st fixed magnetic layer 27 and antiferromagnetism layer 28 is fixed in the direction of illustration 
Y, and, thereby, magnetization of said 1st fixed magnetic layer 27 is fixed in the direction where 
magnetization of the 2nd fixed magnetic layer 25 is opposite to the direction of illustration Y. 
[0088] Or by impressing a magnetic field bigger when the magnetic field more than 5k (Oe) is 
given in the direction of illustration Y than the switched connection field (RKKY interaction) 
generated between the 1st fixed magnetic layer 27 and the 2nd fixed magnetic layer 25 Both 
magnetization of the 1st fixed magnetic layer 27 and the 2nd fixed magnetic layer 25 is 
magnetized in the direction of illustration Y, and magnetization of said 1 st fixed magnetic layer 
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27 is fixed in the direction of illustration Y by the switched connection field (exchange anisotropy 
field) generated in an interface with the antiferromagnetism layer 28. On the other hand, by 
removing an impression magnetic field, it is reversed with a switched connection field (RKKY 
interaction) with the 1 st fixed magnetic layer 27, and magnetization of the 2nd fixed magnetic 
layer 25 will be in magnetization of said 1 st fixed magnetic layer 27, and an anti-parallel 
condition, and will be fixed. 

[0089] Or when the magnetic moment of the 1 st fixed magnetic layer 27 is smaller than the 
magnetic moment of the 2nd fixed magnetic layer 25, the magnetic field more than 5k (Oe) is 
impressed in the direction to impress the magnetic field of 100-1000 (Oe) in the direction 
contrary to a direction to turn magnetization of the 1 st fixed magnetic layer 27 to, or turn 
magnetization to. In addition, as shown in drawing 4 , the hard bias layer 1 30 and the conductive 
layer 131 are formed in the both sides of the layered product from the substrate layer 10 to a 
protective layer 29, and magnetization of the free magnetic layer 21 is arranged in the direction 
of illustration X by magnetizing said hard bias layer 130 in the direction of illustration X. 
[0090] The cross-sectional view in which drawing 5 showed the structure of the spin bulb mold 
thin film of the 3rd operation gestalt of this invention in mimetic diagram, and drawing 6 are the 
sectional views which looked at the spin bulb mold thin film shown in drawing 5 from the opposed 
face side with a record medium. This spin bulb mold thin film is that so-called dual spin bulb mold 
thin film in which a nonmagnetic conductive layer, a fixed magnetic layer, and one layer of 
antiferromagnetism layers were formed at a time up and down focusing on a free magnetic layer. 
In this dual spin bulb mold thin film, since 2 sets of this combination of three layers of a free 
magnetic layer / nonmagnetic conductive layer / fixed magnetic layer exists, big deltaMR can be 
expected compared with a single spin bulb mold thin film, and it can respond to high density 
record-ization. 

[0091] The spin bulb mold thin film shown rn drawing 5 The substrate layer 30 from the bottom, 
the antiferromagnetism layer 31, the 1st fixed magnetic layer (below) 32, the nonmagnetic 
interlayer (below) 33, the 2nd fixed magnetic layer (below) 34, the nonmagnetic conductive layer 
35, the free magnetic layer 36 (signs 37 and 39 are Co film and a sign 38 is the NiFe alloy film), 
The laminating is carried out in the order of the nonmagnetic conductive layer 40, the 2nd fixed 
magnetic layer (above) 41, the nonmagnetic interlayer (above) 42, the 1st fixed magnetic layer 
(above) 43, the antiferromagnetism layer 44, and a protective layer 45. In addition, as shown in 
drawing 6 , the hard bias layer 130 and the conductive layer 131 are formed in the both sides of 
the layered product from the substrate layer 30 to a protective layer 45. 

[0092] The antiferromagnetism layers 31 and 44 of the spin bulb mold thin film shown in drawing 
5 Being formed with the PtMn alloy is desirable, or it replaces with a PtMn alloy, and is X-Mn 
(however, X). It may be formed with the alloy which are any one sort or two sorts or more of 
elements of Pd, Ir, Rh, and Ru, or the Pt-Mn-X' (however, X' is one-sort [ any ] or two sorts or 
more of elements of Pd, Ir, Rh, Ru, Au, and Ag) alloy. 

[0093] Also in this spin bulb mold thin film The thickness tPI of said 1st fixed magnetic layer 
(below) 32, Thickness ratio (thickness tP1 of 1st fixed magnetic layer)/(thickness tP2 of the 2nd 
fixed magnetic layer) of the thickness tP1 of a thickness ratio with the thickness tP2 of the 2nd 
fixed magnetic layer (below) 34 and the 1 st fixed magnetic layer (above) 43 and the thickness 
tP2 of the 2nd fixed magnetic layer 41 (above) It is desirable that it is within the limits of 0.33 to 
0.95, or 1.05-4. By furthermore, within the limits whose thickness ratio is [ above-mentioned ] 
within the limits and the thickness tP1 of the 1st fixed magnetic layer (below) 32 and 43 (above) 
and whose thickness tP2 of the 2nd fixed magnetic layer (below) 34 and 41 (above) are 10-70A 
And it is possible to acquire the switched connection field more than 500 (Oe) from the 
thickness tP1 of the 1st fixed magnetic layer 32 and 43 as the absolute value which lengthened 
the thickness tP2 of the 2nd fixed magnetic layer 34 and 41 is 2A or more. 

[0094] In this invention, moreover, (thickness tPI of 1st fixed magnetic layer)/(thickness tP2 of 
the 2nd fixed magnetic layer) It is more desirable that it is within the limits of 0.53 to 0.95, or 
1.05-1.8. Further By within the limits the thickness tP1 of the 1st fixed magnetic layer (below) 
32 and 43 (above) and whose thickness tP2 of the 2nd fixed magnetic layer (below) 34 and 41 
(above) are 10-50A And if the absolute value which lengthened the thickness tP2 of the 2nd 
fixed magnetic layer 34 and 41 from the thickness tP1 of the 1st fixed magnetic layer 32 and 43 
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is 2A or more, the switched connection field more than 1000 (Oe) can be acquired. 
[0095] By the way, even if it makes larger than the thickness tP2 of the 2nd fixed magnetic layer 
(below) 34 thickness tP1 of the 1st fixed magnetic layer (below) 32 currently formed below the 
free magnetic layer 36 It is checked by experiment that it is in the inclination for a switched 
connection field to tend to fall that the thickness difference of the thickness tP1 of said 1st 
fixed magnetic layer (below) 32 and the 2nd fixed magnetic layer (below) 34 is about 6A or less. 
This phenomenon is seen when the antiferromagnetism layers 31 and 44 which need heat 
treatment and which were formed, for example with the PtMn alloy are used, in order to generate 
a switched connection field (exchange anisotropy field) in an interface with the 1st fixed 
magnetic layer (below) 32 and 43 (above). 

[0096] The fall of a switched connection field is because the magnetic thickness of said 1 st fixed 
magnetic layer (below) 32 decreases and the magnetic thickness of said 1 st fixed magnetic layer 
(below) 32 and the thickness tP2 of the 2nd fixed magnetic layer 34 become the almost same 
thickness by the thermal diffusion of the antiferromagnetism layer 31 and the 1st fixed magnetic 
layer (below) 32 which are formed below the free magnetic layer 36. For this reason, it is 
desirable to enlarge (the thickness tP2 of the fixed magnetic layer (above) 41 of thickness 
tP1/2nd of the 1st fixed magnetic layer (above) 43) (thickness tP2 of the fixed magnetic layer 
(below) 34 of thickness tP1/2nd of the 1st fixed magnetic layer (below) 32) in this invention. In 
addition, generating of said thermal diffusion layer is a phenomenon which happens also like 
[ magnetic layer / not only the dual spin bulb mold thin film shown in drawing 5 but / 16 / free ] 
the single spin bulb mold thin film (refer to drawing 1 ) by which the antiferromagnetism layer 1 1 
was formed in the bottom. 

[0097] If there is no difference in magnetic thickness Ms~tP1 of the 1st fixed magnetic layer 
(below) 32 and 43 (above), and magnetic thickness Ms^tP2 of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) to some extent as mentioned above A magnetization condition leads 
to the fall of a switched connection field and is not desirable, even if it will be hard to be in a 
ferry condition and the difference of magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 
(below) 32 and 43 (above) and magnetic thickness Ms^tP2 of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) becomes large too much, so, in this invention, like the thickness ratio 
of the thickness tP1 of the 1st fixed magnetic layer (below) 32 and 43 (above), and the thickness 
tP2 of the 2nd fixed magnetic layer (below) 34 and 41 (above) As for (magnetic thickness Ms- 
tP1 of 1st fixed magnetic layer (below) 32 and 43 (above))/(magnetic thickness Ms-tP2 of the 
2nd fixed magnetic layer (below) 34 and 41 (above)), it is desirable that it is with within the limits 
of 0.33 to 0.95, or 1.05-4. In this invention, magnetic thickness Ms-tP1 of the 1st fixed magnetic 
layer (below) 32 and 43 (above) and magnetic thickness Ms-i:P2 of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) moreover, within the limits of 10-70 (angstrom tesla) And it is 
desirable that the absolute value which lengthened magnetic thickness Ms-tP2 of the 2nd fixed 
magnetic layer (below) 34 and 41 (above) from magnetic thickness Ms~tP1 of the 1st fixed 
magnetic layer (below) 32 and- 43 (above) is more than two (angstrom tesla). 
[0098] Moreover (magnetic thickness Ms-tP1 of the 1st fixed magnetic layer (below) 32 and 43 
(above)), it is more desirable that / (magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 
(below) 34 and 41 (above)) is within the limits of 0.53 to Ol95, or 1.05-1.8. Moreover, it is 
[ above-mentioned ] within the limits, and both magnetic thickness Ms-tP1 of the 1st fixed 
magnetic layer (below) 32 and 43 (above) and magnetic thickness Ms-tP2 of the 2nd fixed 
magnetic layer (below) 34 and 41 (above) are within the limits of 1 0-50 (angstrom tesla). And as 
for the absolute value which lengthened magnetic thickness Ms-tP2 of the 2nd fixed magnetic 
layer (below) 34 and 41 (above) from magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 
(below) 32 and 43 (above), it is desirable that it is more than two (angstrom tesla). 
[0099] Next, as for the nonmagnetic interlayers 33 and 42 who intervene among the 1st fixed 
magnetic layer (below) 32 and 43 (above) and the 2nd fixed magnetic layer (below) 34 and 41 
(above) which are shown in drawing 5 , it is desirable to be formed with one sort or two sorts or 
more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. As for said nonmagnetic interlayers (below) 33 
thickness formed below the free magnetic layer 36 as shown in drawing 5 , it is desirable to be 
formed within the limits of 3.6-9.6A. If it is this within the limits, it is possible to acquire the 
switched connection field (Hex) more than 500 (Oe). Moreover, if said nonmagnetic interlayers 
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(below) 33 thickness is formed within the limits of 4-9.4A, since it can acquire the switched 
connection field more than 1000 (Oe), it is more desirable. 

[0100] Moreover, as this invention shows to drawing 5 , as for the nonmagnetic interlayer s 
(above) 42 thickness formed above the free magnetic layer 36, it is desirable that it is within the 
limits of 2.5-6.4A or 6.8-1 0.7A. The switched connection field (Hex) more than at least 500 (Oe) 
can be acquired as it is this within the limits. Moreover, as for said nonmagnetic interlayer's 
(above) 42 thickness, in this invention, it is more desirable that it is within the limits of 2.8-6.2A 
or 6.8-1 0.3A. It is possible to acquire the switched connection field more than at least 1000 (Oe) 
as it is this within the limits. 

[0101] Moreover, if said antiferromagnetism layers 31 and 44 are formed by at least 100A or 
more, it is possible to acquire the switched connection field more than 500 (Oe). Moreover, if 
said thickness is made into 1 1 0A or more, it is possible to acquire the switched connection field 
more than 1000 (Oe). 

[0102] In the former, according to [ since the thickness of said antiferromagnetism layers 31 and 
44 was formed by about 200A or more ] this invention, it is possible to form said 
antiferromagnetism layers 31 and 44 by the thickness of abbreviation one half, and especially, 
since two-layer formation of the antiferromagnetism layers 31 and 44 is carried out when it is a 
dual spin bulb mold thin film, compared with the former, about 200A or more of thickness of the 
whole spin bulb mold thin film can be made thin. Thus, in the spin bulb mold thin film formed 
thinly, even if it makes thick to extent which fully maintains insulation the lower gap layer 121 
shown in drawing 13 , and the up gap layer 125, gap length Gl can be made thin and it can 
respond to high density record-ization. In addition, the thickness ratio and thickness of the 1 st 
fixed magnetic layer (below) 32 and 43 (above) and the 2nd fixed magnetic layer (below) 34 and 
41 (above), By adjusting proper within limits which mentioned above the nonmagnetic 
interlayers' (below) 33 and 42 (above) thickness, and the thickness of the antiferromagnetism 
layers 31 and 44, deltaMR comparable as the former can be maintained and it is possible to 
specifically obtain about 10% or more of deltaMR. 

[0103] As shown in drawing 5 , the thickness tPI of the 1st fixed magnetic layer (below) 32 
formed below the free magnetic layer 36 is thinly formed compared with the thickness tP2 of the 
2nd fixed magnetic layer (below) 34 formed through the nonmagnetic interlayer 33. On the other 
hand, the thickness tP1 of the 1st fixed magnetic layer (above) 43 currently formed above the 
free magnetic layer 36 is thickly formed compared with the thickness tP2 of the 2nd fixed 
magnetic layer 41 (above) formed through the nonmagnetic interlayer 42. And both magnetization 
of the 1 st fixed magnetic layer (below) 32 and 43 (above) is magnetized by the direction of 
illustration Y, and the opposite direction, and it will be magnetized by magnetization of the 2nd 
fixed magnetic layer (below) 34 and 41 (above) in the direction of illustration Y. 
[0104] If it is in the case of the single spin bulb mold thin film shown in drawing 1 and drawing 3 , 
thickness etc. may be adjusted so that Ms-tP1 of the 1st fixed magnetic layer may differ from 
Ms-tP2 of the 2nd fixed magnetic layer, and either the direction of illustration Y, the direction of 
illustration Y, or an opposite direction is OK as the sense of magnetization of the 1st fixed 
magnetic layer. However, if it is in the dual spin bulb mold thin film shown in drawing 5 There is 
[ therefore ] the need of making it suitable [ both magnetization of the 1 st fixed magnetic layer 
(below) 32 and 43 (above) ] in the same direction. In this invention The direction of the magnetic 
field impressed during adjustment with magnetic-moment Ms-tP1 of the 1st fixed magnetic layer 
(below) 32 and 43 (above) and magnetic-moment Ms-tP2 of the 2nd fixed magnetic layer (below) 
34 and 41 (above) and heat treatment and its magnitude are adjusted proper. 
[0105] Here, magnetization of the 1st fixed magnetic layer (below) 32 and 43 (above) is both 
turned in the same direction for both turning magnetization of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) which becomes said the 1st magnetization and anti-parallel of the 
fixed magnetic layers (below) 32 and 43 (above) in the same direction, and it explains the reason 
below. As mentioned above, although deltaMR of a spin bulb mold thin film is obtained with the 
relation between fixed magnetization of a fixed magnetic layer, and fluctuation magnetization of a 
free magnetic layer If it is when a fixed magnetic layer is divided by two-layer [ of the 1 st fixed 
magnetic layer and the 2nd fixed magnetic layer ] like this invention The layer of the fixed 
magnetic layer which participates in the aforementioned deltaMR directly is the 2nd fixed 
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magnetic layer, and, so to speak the 1 st fixed magnetic layer is bearing the auxiliary role for 
fixing magnetization of said 2nd fixed magnetic layer in the fixed direction. 
[0106] Supposing magnetization of the 2nd fixed magnetic layer (below) 34 and 41 (above) 
temporarily shown in drawing 5 is being mutually fixed to the opposite direction For example, 
even if resistance becomes large in the relation between fixed magnetization of the 2nd fixed 
magnetic layer (above) 41, and fluctuation magnetization of the free magnetic layer 36 In the 
relation between fixed magnetization of the 2nd fixed magnetic layer (below) 34, and fluctuation 
magnetization of the free magnetic layer 36, resistance becomes very small. After all, delta MR in 
a dual spin bulb mold thin film will become smaller than deltaMR of the single spin bulb mold thin 
film shown in drawing 1 or drawing 3 . This problem is not having restricted to the dual spin bulb 
mold thin film which divided the fixed magnetic layer to two-layer through the nonmagnetic 
middle class like this invention. It is the same even if it is the conventional dual spin bulb mold 
thin film. deltaMR can be enlarged compared with a single spin bulb mold thin film, and in order to 
demonstrate the property of a dual spin bulb mold thin film that a big output can be obtained, it 
is necessary to both fix the fixed magnetic layer in which a free magnetic layer is formed up and 
down in the same direction. 

[0107] By the way, in this invention, as shown in d raw i n g 5 , as for the fixed magnetic layer 
formed below the free magnetic layer 36, the direction of Ms— tP2 of the 2nd fixed magnetic layer 
(below) 34 is large compared with Ms— tP1 of the 1st fixed magnetic layer (below) 32, and 
magnetization of the 2nd large fixed magnetic layer (below) 34 of Ms-tP2 is being fixed in the 
direction of illustration Y. Here, the so-called synthetic magnetic moment which added Ms~tP2 
of the 2nd fixed magnetic layer 34 and Ms-tP1 of the 1st fixed magnetic layer 32 is governed by 
the magnetic moment of the 2nd large fixed magnetic layer 34 of Ms-tP2, and is turned in^the 
direction of illustration Y. 

[0108] On the other hand, as for the fixed magnetic layer formed above the free magnetic layer 
36, the direction of Ms-tP1 of the 1st fixed magnetic layer (above) 43 is large compared with 
Ms-tP2 of the 2nd fixed magnetic layer (above) 41, and magnetization of the 1st large fixed 
magnetic layer (above) 43 of Ms-tP1 is being fixed to the direction of illustration Y, and the 
opposite direction. Ms-tP1 of the 1st fixed magnetic layer (above) 43, and Ms— tP2 of the 2nd 
fixed magnetic layer (above) 41 — a guide peg — the bottom, the so-called synthetic magnetic 
moment is governed by Ms-tP1 of the 1st fixed magnetic layer (above) 43, and is turned to the 
direction of illustration Y, and the opposite direction. 

[0109] That is, in the dual spin bulb mold thin film shown in drawing 5 , it is the upper and lower 
sides of the free magnetic layer 36, and the direction of the synthetic magnetic moment which 
can add and calculate Ms— tP1 of the 1st fixed magnetic layer and Ms-tP2 of the 2nd fixed 
magnetic layer is an opposite direction. For this reason, the synthetic magnetic moment turned 
in the direction of illustration Y formed below the free magnetic layer 36 and the synthetic 
magnetic moment turned to the direction of illustration Y formed above said free magnetic layer 
36 and the opposite direction form the field of the circumference of the illustration left. 
Therefore, it is possible to maintain the ferry condition by which magnetization of the 1st fixed 
magnetic layer (below) 32 and 43 (above) and magnetization of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) were stabilized further by the. field formed of said synthetic magnetic 
moment. 

[01 10] Furthermore, although a sense current field will be formed by the principle of a right 
screw by mainly flowing focusing on the small nonmagnetic conductive layers 35 and 39 of 
specific resistance, and passing the sense current 114, the sense current 1 14 The direction of 
the sense current field which a sense current makes in the location of the 1st fixed magnetic 
layer (below) 32 / nonmagnetic interlayer 33 (below) formed in the free magnetic layer 36 bottom 
by passing the sense current 1 14 in the direction of drawing_5 / 2nd fixed magnetic layer (below) 
34 It can be made in agreement with the direction of the synthetic magnetic moment of said the 
1 st fixed magnetic layer (below) 32 / nonmagnetic interlayer 33 (below) / 2nd fixed magnetic 
layer (below) 34. Furthermore, the sense current field which a sense current makes in the 
location of the 1 st fixed magnetic layer (above) 43 / nonmagnetic interlayer 42 (above) formed 
above the free magnetic layer 36 / 2nd fixed magnetic layer (above) 41 It can be made in 
agreement with the direction of the synthetic magnetic moment of said the 1st fixed magnetic 
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layer (above) 43 / nonmagnetic interlayer 42 (above) / 2nd fixed magnetic layer (above) 41. 
[0111] Although the merit of making in agreement the direction of a sense current field and the 
direction of the synthetic magnetic moment is explained in full detail later, if it says simply, since 
the thermal stability of said fixed magnetic layer being raised and a big sense current can be 
passed, there is a very large merit [ say / that a playback output can be improved ]. These 
relation about the direction of a sense current field and the synthetic magnetic moment is 
because the synthetic magnetic moment of the fixed magnetic layer in which the free magnetic 
layer 36 is formed up and down forms the field of the circumference of the illustration left. 
[01 12] The environmental temperature in equipment rises to about 200 degrees C, and will be in 
the inclination for environmental temperature to rise further according to the rotational 
frequency of a record medium, increase of a sense current, etc., further from now on. Thus, if 
environmental temperature rises, although a switched connection field falls, according to this 
invention, by the field formed by the synthetic magnetic moment, and the sense current field, 
also thermally it is stabilized and can maintain magnetization of the 1st fixed magnetic layer 
(below) 32 and 43 (above), and magnetization of the 2nd fixed magnetic layer (below) 34 and 41 
(above) at a ferry condition. 

[01 13] Formation of the field by the synthetic magnetic moment mentioned above and the 
direction relation of the field and sense current field by the synthetic magnetic moment are 
configurations peculiar to this invention, and have not been obtained by the conventional dual 
spin bulb mold thin film which has the fixed magnetic layer of a free magnetic layer by which was 
formed by the monolayer up and down, and was moreover turned in the same direction, and fixed 
magnetization was carried out. 

[0114] Next, the direction of the field given during heat treatment and its size are explained 
below. In the spin bulb mold thin film shown in drawing 5 , in order to make the 
antiferromagnetism layers 31 and 44 generate a switched connection field (exchange anisotropy 
field) in an interface with the 1st fixed magnetic layer (below) 32 and 43 (above), such as a PtMn 
alloy Since the antiferromagnetism ingredient to be heat-treated is used, if the direction of the 
magnetic field impressed during heat treatment and its magnitude are not controlled proper It 
cannot obtain in the direction of the 1st fixed magnetic layer (below) 32 and 43 (above) and the 
2nd fixed magnetic layer (below) 34 and 41 (above) as shows the direction of magnetization to 
drawingj) . 

[0115] Ms-tP1 of the 1st fixed magnetic layer (above) 43 which made smaller than Ms~tP2 of 
the 2nd fixed magnetic layer (below) 34 Ms-tPI of the 1st fixed magnetic layer (below) 32 
formed below the free magnetic layer 36, and was formed above said free magnetic layer 36 in 
the phase which forms membranes first as shown in drawing 5 is made larger than Ms~tP2 of the 
2nd fixed magnetic layer (above) 41. 

[01 16] It is necessary to give the field more than 5k (Oe) (to refer to Table 1 and 2 (4) (4)) to 
the direction of illustration Y, and hard flow by referring to Tables 1 and 2 mentioned above to 
turn the 1 st fixed magnetic layer (below) 32 and 43 (above) to the direction of illustration Y, and 
an opposite direction, as shown in drawing 5 . By impressing the field more than 5k (Oe) to the 
direction of illustration Y, and an opposite direction, all of magnetization of the 1st fixed 
magnetic layer (below) 32 and 43 (above) and magnetization of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) once turn to the direction of illustration Y, and an opposite direction. 
Said 1 st fixed magnetic layer (below) 32 and 43 (above) By the switched connection field 
(exchange anisotropy field) in an interface with the antiferromagnetism layers 31 and 44 By being 
fixed to the direction of illustration Y, and an opposite direction, and removing the field more 
than 5k (Oe), magnetization of the 2nd fixed magnetic layer (below) 34 and 41 (above) It is 
reversed in the direction of illustration Y f and a switched connection field (RKKY interaction) 
with the 1st fixed magnetic layer (below) 32 and 43 (above) is fixed in the direction of illustration 
Y. Or the field more than 5k (Oe) may be given in the direction of illustration Y. In this case, the 
magnetization direction and opposite sense which magnetization of the 1 st fixed magnetic layer 
(below) 32 and 43 (above) and magnetization of the 2nd fixed magnetic layer (below) 34 and 41 
(above) show to drawing 5 are magnetized, and the field by the clockwise synthetic magnetic 
moment is formed. 

[0117] Moreover, in this invention, Ms-tP1 of the 1st fixed magnetic layer 43 which made larger 
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than Ms-tP2 of the 2nd fixed magnetic layer 34 Ms-tP1 of the 1st fixed magnetic layer (below) 
32 formed below the free magnetic layer 36, and was formed above said free magnetic layer 36 
may be made smaller than Ms-tP2 of the 2nd fixed magnetic layer 41 . Also in this case, by 
impressing the field more than 5k (Oe) to the direction of illustration Y which wants to obtain 
magnetization of the 1st fixed magnetic layer (below) 32 and 43 (above), i.e., the direction, the 
direction of illustration Y, and an opposite direction The 2nd fixed magnetic layer (below) 34 and 
41 (above) in which the free magnetic layer 36 was formed up and down is turned in the same 
direction, it can fix, and, moreover, the field by the synthetic magnetic moment of illustration 
right-handed rotation or left-handed rotation can be formed. In addition, by any approaches 
other than the above-mentioned approach, magnetization of the 2nd fixed magnetic layer (below) 
34 and 41 (above) in which the free magnetic layer 36 was formed up and down cannot be 
mutually turned in the same direction, and, moreover, formation of the field by the synthetic 
magnetic moment and direction relation of the field and sense current field by the synthetic 
magnetic moment cannot be formed. 

[01 1 8] Moreover, although it is possible to turn mutually magnetization of the 2nd fixed magnetic 
layer (below) 34 and 41 (above) in the same direction by the approach shown below by this 
invention, since the synthetic magnetic moment in which the free magnetic layer 36 is formed up 
and down turns to the same direction mutually, it cannot form the field by said synthetic 
magnetic moment. However, if it is the dual spir> bulb mold thin film of this invention, delta MR 
comparable as the conventional dual spin bulb mold thin film can be obtained also by the 
following heat treatment approaches, and it is possible to maintain: the magnetization condition of 
a fixed magnetic layer (the 1st fixed magnetic layer and 2nd fixed magnetic layer) at the 
condition of having been stabilized thermally, compared with the conventional dual spin bulb mold 
thin film moreover. 

[01 19] Ms-tP1 of the 1st fixed magnetic layer (below) 32 formed in the free magnetic layer 36 
bottom, and Ms^tPI of the 1st fixed magnetic layer (above) 43 formed in said free magnetic 
layer 36 bottom first, both When it is made larger than Ms-tP2 of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) By giving the field more than 100-1k (Oe), or 5k (Oe) in the direction 
turning magnetization of said 1st fixed magnetic layer (below) 32 and 43 (above) to Said 1st fixed 
magnetic layer (below) 32 and 43 (above) is both turned in the same direction. By the switched 
connection field (RKKY interaction) with said 1st fixed magnetic layer (below) 32 and 43 (above) 
Magnetization of said 1st fixed magnetic layer (below) 32 and 43 (above) and magnetization of 
the 2nd fixed magnetic layer (below) 34 and 41 (above) magnetized by anti-parallel can both be 
turned in the same direction, and it can fix. 

[0120] Ms-tP1 of the 1st fixed magnetic layer (below) 32 formed in the free magnetic layer 36 
bottom, and Ms-tP1 of the 1st fixed magnetic layer (above) 43 formed in said free magnetic 
layer 36 bottom or both When it is made smaller than MsT-tP2 of the 2nd fixed magnetic layer 
(below) 34 and 41 (above) To a direction and an opposite direction to turn magnetization of said 
1 st fixed magnetic layer (below) 32 and ! 43 (above) to, 100-1k (Oe), Or by giving the field more 
than 5k (Oe) in the direction turning magnetization of said 1st fixed magnetic layer (below) 32 
and 43 (above) to The 1 st fixed magnetic layer (below) 32 and? 43 (above) is both turned in the 
same direction. By the switched connection field (RKKY interaction) with said 1st fixed magnetic 
layer (below) 32 and 43 (above) Magnetization of said 1 st fixed magnetic layer (below) 32 and 43 
(above) and magnetization of the 2nd fixed magnetic layer (below) 34 and 41 (above) magnetized 
by anti-parallel can both be turned in the same direction, and it can fix. 

[0121] As mentioned above, according, to the spin bulb mold thin film shown in drawing 6 from 
drawing 1 , a fixed magnetic layer is divided through a nonmagnetic interlayer to two-layer [ of 
the 1st fixed magnetic layer and the 2nd fixed magnetic layer ]. By changing magnetization of 
said two-layer fixed magnetic layer into an anti-parallel condition (ferry condition) by the 
switched connection field (RKKY interaction) generated between this two-layer fixed magnetic 
layer, the magnetization condition of the fixed magnetic layer also thermally stabilized compared 
with the former can be maintained. The magnetization condition of the 1 st fixed magnetic layer 
and the 2nd fixed magnetic layer is made to what was more excellent in thermal stability by using 
the PtMn alloy which especially generates the large switched connection field (exchange 
anisotropy field) at an interface with the 1 st fixed magnetic layer with very high and blocking 
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temperature as an antiferromagnetism layer at this invention. 

[0122] Moreover, by forming the thickness of the nonmagnetic interlayer who intervenes 
between the thickness ratio of the 1st fixed magnetic layer and the 2nd fixed magnetic layer, and 
said 1st fixed magnetic layer and the 2nd fixed magnetic layer, and the thickness of an 
antiferromagnetism layer within proper limits in this invention It is possible to be able to enlarge 
a switched connection field (Hex), therefore to raise more the thermal stability of fixed 
magnetization of said 1st fixed magnetic layer and the 2nd fixed magnetic layer. In addition, it is 
also still more possible the thickness ratio of the thickness tPI of the 1st fixed magnetic layer, 
and the thickness tP2 of the 2nd fixed magnetic layer, and by forming the thickness of said 1st 
fixed magnetic layer, the 2nd fixed magnetic layer, a nonmagnetic interlayer, and an 
antiferromagnetism layer within fitness limits to obtain deltaMR almost comparable as the 
former. 

[0123] Furthermore, by this invention, in order to generate a switched connection field (exchange 
anisotropy field) in an interface with the 1 st fixed magnetic layer, such as a PtMn alloy, as an 
antiferromagnetism layer, when the antiferromagnetism ingredient which needs heat treatment is 
used By forming Ms~tP1 of the 1 st fixed magnetic layer, and Ms-tP2 of the 2nd fixed magnetic 
layer with a different value, and adjusting the magnitude of the impression magnetic field under 
heat treatment, and its direction proper further It is possible for you to make it magnetized in 
the direction which wants to obtain magnetization of said 1 st fixed magnetic layer (and 2nd fixed 
magnetic layer). 

[0124] If it is in the dual spin bulb mold thin film shown especially in drawing 5 By adjusting Ms- 
tP1 of the 1st fixed magnetic layer (below) 32 and 43 (above), and Ms-tP2 of the 2nd fixed 
magnetic layer (below) 34 and 41 (above) proper, and adjusting the magnitude of the impression 
magnetic field under heat treatment, and its direction proper further Two magnetization of the 
2nd fixed magnetic layer (below) 34 and 41 (above) in which the free magnetic layer 36 which 
participates in deltaMR was formed up and down is [ both ] fixable in the same direction. And by 
the ability forming mutually in an opposite direction the synthetic magnetic moment in which the 
free magnetic layer 36 is formed up and down It is possible to be able to perform formation of 
the field by said synthetic magnetic moment and direction-related formation of the field and 
sense current field by said synthetic magnetic moment, and to raise the thermal stability of 
magnetization of a fixed magnetic layer further. 

[0125] The cross-sectional view in which drawing 7 showed the structure of the spin bulb mold 
thin film of the 4th operation gestalt of this invention in mimetic diagram, and drawing 8 are the 
sectional views at the time of seeing the spin bulb mold thin film shown in drawing 7 from an 
opposed face with a record medium. Also in this spin bulb mold thin film, it is prepared in the 
trailing side edge section of the surfacing type slider formed in the hard disk drive unit etc. like 
the spin bulb mold thin film shown in drawing 1 - drawing 6 , and record fields, such as a hard 
disk, are detected. In addition, the migration direction of magnetic-recording media, such as a 
hard disk, is an illustration Z direction, and the direction of the leak field from a magnetic- 
recording medium is the direction of Y. 

[0126] As for this spin bulb mold thin film, not only a fixed magnetic layer but the free magnetic 
layer is divided by two-layer [ of the 1 st free magnetic layer and the 2nd free magnetic layer ] 
through the nonmagnetic interlayer. As shown in drawing 7 and 8, the laminating is carried out to 
the order of the substrate layer 50, the antiferromagnetism layer 51, the 1st fixed magnetic layer 
52, the nonmagnetic interlayer 53, the 2nd fixed magnetic layer 54, the nonmagnetic conductive 
layer 55, the 1st free magnetic layer 56, the nonmagnetic interlayer 59, the 2nd free magnetic 
layer 60, and a protective layer 61 from the bottom. 

[0127] Said substrate layer 50 and protective layer 61 are formed by Ta etc. Moreover, as for 
said antiferromagnetism layer 51, being formed with the PtMn alloy is desirable. Compared with a 
NiMn alloy, a FeMn alloy, etc. which are used as an antiferromagnetism layer from the former, it 
excels in corrosion resistance, and moreover, a PtMn alloy has high blocking temperature and its 
switched connection field is also large. Moreover, in this invention, it may replace with said PtMn 
alloy and a X-Mn (however, X is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, 
and Ru) alloy or a Pt-Mn-X' (however, X' is one-sort [ any ] or two sorts or more of elements of 
Pd, Ir, Rh, Ru, Au, and Ag) alloy may be used. 
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[0128] The 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 are formed with Co 
film, the NiFe alloy, the CoFe alloy, or the CoNiFe alloy. Moreover, as for the nonmagnetic 
interlayer 53, it is desirable to be formed with one sort or two sorts or more of alloys among Ru, 
Rh, Ir, Cr, Re, and Cu. Furthermore, the nonmagnetic conductive layer 55 is formed by Cu etc. 
[0129] Magnetization of said 1st fixed magnetic layer 52 and magnetization of the 2nd fixed 
magnetic layer 54 are in the ferry condition mutually magnetized by anti-parallel, for example, 
magnetization of the 1st fixed magnetic layer 52 is fixed in the direction of illustration Y, and 
magnetization of the 2nd fixed magnetic layer 54 is being fixed to the direction of illustration Y, 
and the opposite direction. A switched connection field large in order to maintain the stability of 
this ferry condition is required, and in this invention, in order to acquire a bigger switched 
connection field, various rationalization shown below is performed. In drawing 7 and the spin bulb 
mold thin film shown in 8, as for (thickness tP1 of 1st fixed magnetic layer 52)/(thickness tP2 of 
the 2nd fixed magnetic layer 54), it is desirable that it is within the limits of 0.33 to 0.95, or 1 .05- 
4, and it is considering as within the limits of 0.53 to 0.95, or 1.08-1.8 more preferably. Moreover, 
if it is in the thickness of the 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 It 
is desirable that it is >=2 A and it is 1 0-50A more preferably, both — 1 0-70A — it is — and 
— thickness tP1- of the 1st fixed magnetic layer 52 — thickness tP2** of the 2nd fixed 
magnetic layer 54 — and — thickness tP1- of the 1st fixed magnetic layer 52 — thickness 
tP2** of the 2nd fixed magnetic layer 54 — it is >=2 A. 

[0130] If there is no difference in magnetic thickness Ms-tpl of the 1st fixed magnetic layer 52, 
and magnetic thickness Ms~tp2 of the 2nd fixed magnetic layer 54 to some extent as mentioned 
above, a magnetization condition leads to the fall of a switched connection field and is not 
desirable, even if it will be hard to be in a ferry condition and the difference of magnetic 
thickness Ms-tp1 of the 1st fixed magnetic layer 52 and magnetic thickness Ms-tp2 of the 2nd 
fixed magnetic layer 54 becomes large too much. So, as for (magnetic thickness Ms-tp1 of 1st 
fixed magnetic layer 52)/(magnetic thickness Ms-tp2 of the 2nd fixed magnetic layer 54), in this 
invention, it is desirable like the thickness ratio of the thickness tp1 of the 1 st fixed magnetic 
layer 52, and the thickness tp2 of the 2nd fixed magnetic layer 54 that it is with within the limits 
of 0.33 to 0.95, or 1.05-4. moreover — this invention — magnetic thickness Ms-tp1 of the 1st 
fixed magnetic layer 52, and magnetic thickness Ms-tp2 of the 2nd fixed magnetic layer 54 — 
within the limits of 10-70 (angstrom tesla) — and it is desirable that the absolute value which 
lengthened magnetic thickness Ms-tp2 of the 2nd fixed magnetic layer 54 from magnetic 
thickness Ms-tp1 of the 1st fixed magnetic layer 52 is more than two (angstrom tesla). 
[0131] Moreover (magnetic thickness Ms-tp1 of the 1st fixed magnetic layer 52), it is more 
desirable that / (magnetic thickness Ms-tp2 of the 2nd fixed magnetic layer 54) is within the 
limits of 0.53 to 0.95, or 1 .05-1 .8: Moreover, it is [ above-mentioned ] within the limits, and both 
magnetic thickness Ms-tp1 of the 1st fixed magnetic layer 52 and magnetic thickness Ms-tp2 of 
the 2nd fixed magnetic layer 54 are within the limits of 10-50 (angstrom tesla), and, as for the 
absolute value which moreover lengthened magnetic thickness Ms-tp2 of the 2nd fixed magnetic 
layer 54 from magnetic thickness Ms-tpl of the 1st fixed magnetic layer 52, it is desirable [ Ms- 
tp ] that it is more than two (angstrom tesla). 

[0132] Moreover, as for the thickness of the nonmagnetic interlayer 53 who: intervenes between 
the 1 st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54, it is desirable that it is 
within the limits of 3.6-9.6A. If it is this within the limits, the switched connection field more than 
500 (Oe) can be acquired. More preferably, if it is within the limits of 4-9.4A and is this within the 
limits, it is possible to acquire the switched connection field more than 1000 (Oe). As for the 
thickness of the antiferromagnetism layer 51, it is still more desirable that it is 90A or more. If it 
is this within the limits, it is possible to acquire the switched connection field more than 500 
(Oe). More preferably, it is 100A or more, and if it is this within the limits, the switched 
connection field more than 1000 (Oe) can be acquired. 

[0133] The 1st free magnetic layer 56 is formed on drawing 7 and the nonmagnetic conductive 
layer 55 shown in 8. As shown in drawing 7 and 8, said 1 st free magnetic layer 56 is formed by 
two-layer, and the Co film 57 is formed in the side which touches the nonmagnetic conductive 
layer 55. The Co film 57 is formed in the side which touches the nonmagnetic conductive layer 
55 for preventing diffusion with the nonmagnetic conductive layer 55 to the 1st that deltaMR can 
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be enlarged and the 2nd. The NiFe alloy film 58 is formed on said Co film 57. Furthermore on said 
NiFe alloy film 58, the nonmagnetic interlayer 59 is formed. And the 2nd free magnetic layer 60 is 
formed on said nonmagnetic interlayer 59, and the protective layer 61 formed by Ta etc. is 
further formed on said 2nd free magnetic layer 60. Said 2nd free magnetic layer 60 is formed 
with Co film, the NiFe alloy, the CoFe alloy, or the CoNiFe alloy. 

[0134] As for the spin bulb film from the substrate layer 50 shown in d rawing 8 to a protective 
layer 61, the side face is deleted in an inclined plane, and said spin bulb film is formed with 
trapezoidal shape. The hard bias layers 62 and 62 and conductive layers 63 and 63 are formed in 
the both sides of said spin bulb film. Said hard bias layer 62 is formed with the Co-Pt alloy, the 
Co-Cr—Pt alloy, etc., and said conductive layer 63 is formed by Cu, Cr, etc. 

[0135] The nonmagnetic interlayer 59 intervenes between drawing 7 , the 1st free magnetic layer 
56 shown in 8, and the 2nd free magnetic layer 60, and magnetization of said 1st free magnetic 
layer 56 and magnetization of the 2nd free magnetic layer 60 are in the anti-parallel condition 
(ferry condition) mutually by the switched connection field (RKKY interaction) generated 
between said 1st free magnetic layer 56 and the 2nd free magnetic layer 60. 
[0136] In the spin bulb mold thin film shown in drawing 8 , the thickness tF1 of the 1st free 
magnetic layer 56 is formed smaller than the thickness tF2 of the 2nd free magnetic layer 60, for 
example. And Ms-tF1 of said 1st free magnetic layer 56 If it is set up smaller than Ms-tF2 of the 
2nd free magnetic layer 60 and a bias field is given in the direction of illustration X from the hard 
bias layer 62 Magnetization of the 2nd large free magnetic layer 60 of Ms-tF2 is arranged in the 
direction of illustration X in response to the effect of said bias field. By the switched connection 
field (RKKY interaction) with said 2nd free magnetic layer 60 Magnetization of the 1 st small free 
magnetic layer 56 of Ms-tF1 is arranged with the direction of illustration X, and an opposite 
direction. 

[0137] If an external magnetic field invades from illustration Y, magnetization of said 1st free 
magnetic layer 56 and the 2nd free magnetic layer 60 will rotate in response to the effect of said 
external magnetic field, maintaining a ferry condition. And with the relation between fluctuation 
magnetization of the 1st free magnetic layer 56 which contributes to deltaMR, and fixed 
magnetization (for example, the direction of illustration Y and the opposite direction are 
magnetized) of the 2nd fixed magnetic layer 54, electric resistance changes and the signal of an 
external magnetic field is detected. In this invention, while the thickness ratio of the thickness 
tF1 of the 1 st free magnetic layer 56 and the thickness tF2 of the 2nd free magnetic layer 60 
can be rationalized and a bigger switched connection field can be acquired, it makes it possible 
to obtain deltaMR almost comparable as the former. 

[0138] It is desirable that (the thickness tF2 of the free magnetic layer 60 of thickness tF1/2nd 
of the 1st free magnetic layer 56) is within the limits of 0.56 to 0.83, or 1.25-5 in this invention. It 
is possible to acquire the switched connection field more than at least 500 (Oe) as it is this 
within the limits. Moreover, as for the above (thickness tF2 of the free magnetic layer 60 of 
thickness tF1/2nd of the 1st free magnetic layer 56), in this invention, it is more desirable that it 
is within the limits of 0.61 to 0.83, or 1.25-2.1. It is possible to acquire the switched connection 
field more than at least 1000 (Oe) as it is this within the limits. 

[0139] In addition (thickness tF2 of the free magnetic layer 60 of thickness tF1/2nd of the 1st 
free magnetic layer 56), having excepted the range of 0.83-1.25 inside The thickness tF1 of said 
1st free magnetic layer 56 and the thickness tF2 of the 2nd free magnetic layer 60 are formed 
with the almost same value. Ms~tF1 of said 1st free magnetic layer 56, If Ms-tF2 of the 2nd free 
magnetic layer 60 is set as the almost same value In order to keep both of the 1st free magnetic 
layer 56 and the 2nd free magnetic layer 60 of the magnetization in said direction of a bias field 
as the other side in response to the effect of the bias field from the hard bias layer 62, It 
becomes impossible for magnetization of said 1 st free magnetic layer 56 and magnetization of 
the 2nd free magnetic layer 60 not to be in an anti-parallel condition, but to maintain the stable 
magnetization condition. 

[0140] Moreover, if there is no difference in magnetic thickness Ms~tF1 of the 1st free magnetic 
layer 56, and magnetic thickness Ms-tF2 of the 2nd free magnetic layer 60 to some extent, even 
if it will be hard to be in a ferry condition and the difference of magnetic thickness Ms-tF1 of the 
1 st free magnetic layer 56 and magnetic thickness Ms-tF2 of the 2nd free magnetic layer 60 
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becomes large too much, it leads to the fall of a switched connection field and is not desirable 
[ a magnetization condition ]. So, as for (magnetic thickness Ms-tF1 of 1st free magnetic layer 
56)/(magnetic thickness Ms-tF2 of the 2nd free magnetic layer 60), in this invention, it is 
desirable like the thickness ratio of the thickness tF1 of the 1 st free magnetic layer 56, and the 
thickness tF2 of the 2nd free magnetic layer 60 that it is with within the limits of 0.56 to 0.83, or 
1 .25-5. Moreover, it is more desirable that (magnetic thickness Ms-tF1 of 1 st free magnetic 
layer 56)/(magnetic thickness Ms-tF2 of the 2nd free magnetic layer 60) is within the limits of 
0.61 to 0.83, or 1.25-2.1 in this invention. 

[0141] Moreover, as for the nonmagnetic interlayer 59 who intervenes in this invention between 
the 1st free magnetic layer 56 and the 2nd free magnetic layer 60, it is desirable to be formed 
with one sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. As for said 
nonmagnetic interlayer's 59 thickness, it is still more desirable that it is within the limits of 5.5- 
10.0A. If it is this within the limits, it is possible to acquire the switched connection field more 
than 500 (Oe). Moreover, as for said nonmagnetic interlayer's 59 thickness, it is more desirable 
that it is within the limits of 5.9-9.4A. If it is this within the limits, the switched connection field 
more than 1000 (Oe) can be acquired. In addition, it is possible the thickness of the thickness 
ratio of the 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54, the nonmagnetic 
interlayer 53, and the antiferromagnetism layer 51, and by adjusting the thickness ratio of the 1st 
free magnetic layer 56 and the 2nd free magnetic layer 60, and the nonmagnetic interlayer's 59 
thickness further to obtain deltaMR (resistance rate of change) comparable as the former at 
above-mentioned numeric-value within the limits. 

[0142] Next, the approach of heat treatment is explained. In drawing 7 and the spin bulb mold 
thin film shown in 8, the antiferromagnetism ingredient which a switched connection field 
(exchange anisotropy field) generates in an interface with the 1st fixed magnetic layer 52 is used 
by heat-treating a PtMn alloy etc. in the antiferromagnetism layer 51; For this reason, the 
direction of the magnetic field impressed during said heat treatment and its magnitude are 
controlled proper, and there is the need of adjusting the magnetization direction of the 1st fixed 
magnetic layer 52 and the 2nd fixed magnetic layer 54. 

[0143] Temporarily, when Ms-tP1 of the 1st fixed magnetic layer 52 is larger than Ms-tP2 of the 
2nd fixed magnetic layer 54, it should just impress the magnetic field of 100- 1k (Oe), or 5k (Oe) 
in the direction to turn magnetization of said 1st fixed magnetic layer 52 to. For example, if you 
want to turn said 1st fixed magnetic layer 52 in the direction of illustration Y, the field of 100-1k 
(Oe) is given in the direction of illustration Y. Magnetization of said 1 st fixed magnetic layer 52 is 
fixed in the direction of illustration Y by the switched connection field (exchange anisotropy field) 
which generates magnetization of the 1st large fixed magnetic layer 52 of Ms-tP1 in an interface 
with the antiferromagnetism layer 51 toward the direction of a magnetic field of illustration Y, i.e., 
the direction. On the other hand, magnetization of the 2nd fixed magnetic layer 54 is fixed 
toward the direction of illustration Y, and an opposite direction by the switched connection field 
(RKKY interaction) with the 1 st fixed magnetic layer 52. Or the fields more than 5k (Oe) is given 
in the direction of illustration Y. Since the switched connection field (RKKY interaction) of the 
1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 is 1k(Oe) k [ -5] (Oe) extent 
both magnetization of said 1 st fixed magnetic layer 52 and magnetization of the 2nd fixed 
magnetic layer 54 are suitable in the direction of illustration Y by impressing the magnetic field 
more than 5k (Oe). At this time, magnetization of said 1st fixed magnetic layer 52 is fixed in the 
direction of illustration Y by the switched connection field (exchange anisotropy field) generated 
in an interface with the antiferromagnetism layer 51. On the other hand; when the magnetic field 
more than 5k (Oe) is removed, magnetization of the 2nd fixed magnetic layer 54 is turned and 
fixed to the direction of illustration Y, and an opposite direction by the switched connection field 
(RKKY interaction) with said 1st fixed magnetic layer 52. 

[0144] Moreover, when Ms-tP1 of the 1st fixed magnetic layer 52 is smaller than Ms-tP2 of the 
2nd fixed magnetic layer 54, it should just impress the magnetic field more than 5k (Oe) in a 
direction to turn magnetization of said 1 st fixed magnetic layer 52 to, and the direction which 
wants to turn magnetization of 100-1k (Oe), or said 1st fixed magnetic layer 52 to an opposite 
direction. For example, if you want to turn the 1st fixed magnetic layer 52 in the direction of 
illustration Y, the magnetic field of 100-1k (Oe) is given to the direction of illustration Y, and an 
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opposite direction. Magnetization of said 1st fixed magnetic layer 52 is turned in the direction of 
illustration Y for magnetization of the 2nd large fixed magnetic layer 54 of Ms-tP2 by this toward 
the said direction of a magnetic field of illustration Y, i.e., the direction, and an opposite direction 
by said the 2nd fixed magnetic layer 54 and switched connection field (RKKY interaction). 
Magnetization of said 1 st fixed magnetic layer 52 is fixed in the direction of illustration Y by the 
switched connection field (exchange anisotropy field) generated in an interface with the 
antiferromagnetism layer 51, and magnetization of the 2nd fixed magnetic layer 54 is fixed to the 
direction of illustration Y, and an opposite direction. Or the field more than 5k (Oe) can be given 
in the direction of illustration Y, and ** is good. By giving the field more than 5k (Oe), both 
magnetization of the 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 is turned in 
the direction of illustration Y, and magnetization of said 1st fixed magnetic layer 52 is fixed in the 
direction of illustration Y by the switched connection field (exchange anisotropy field) in an 
interface with the antiferromagnetism layer 51. When the magnetic field more than 5k (Oe) is 
removed, magnetization of the 2nd fixed magnetic layer 54 turned in the direction of illustration 
Y is turned and fixed to the direction of illustration Y, and an opposite direction by the switched 
connection field (RKKY interaction) with said 1st fixed magnetic layer 52. 

[0145] Moreover, when a positive direction, the direction of illustration X, an opposite direction 
and the direction of illustration Y, and an opposite direction are made into a negative direction 
for the direction of illustration X, and the direction of illustration Y in this invention, The so- 
called absolute value of the synthetic magnetic moment which added Ms-tF1 of the 1st free 
magnetic layer 56, and Ms-tF2 of the 2nd free magnetic layer 60 The larger one than the 
absolute value of the synthetic magnetic moment which added Ms-tP1 of the 1st fixed magnetic 
layer 52 and Ms-tP2 of the 2nd fixed magnetic layer 54 is desirable, namely, =! e3 KMs-tF1+Ms- 
tF2)/(Ms-tp1 +Ms-tP2) #* — it is desirable that it is >1 . 

[0146] The absolute value of the synthetic magnetic moment of the 1st free magnetic layer 56 
and the 2nd free magnetic layer 60 by making it larger than the absolute value of the synthetic 
magnetic moment of the 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 
Magnetization of said 1st free magnetic layer 56 and the 2nd free magnetic layer 60 stops easily 
being influenced of the synthetic magnetic moment of the 1st fixed magnetic layer 52 and the 
2nd fixed magnetic layer 54. It becomes possible for magnetization of said 1st free magnetic 
layer 56 and the 2nd free magnetic layer 60 to be highly sensitive, to rotate to an external 
magnetic field, and to raise an output. 

[0147] The cross-sectional view in which drawing 9 showed the spin bulb mold thin film of the 
5th operation gestalt of this invention in mimetic diagram, and drawing 10 are the sectional views 
at the time of seeing the spin bulb mold thin film shown in drawing 9 from an opposed face with a 
record medium. This spin bulb mold thin film makes reverse sequence of the laminating of 
drawing 7 and the spin bulb mold thin film shown in 8. That is, from the bottom, the laminating is 
carried out in the order of the substrate layer 70, the 2nd free magnetic layer 71, the 
nonmagnetic interlayer 72, the 1st free magnetic layer 73, the nonmagnetic conductive layer 76, 
the 2nd fixed magnetic layer 77, the nonmagnetic interlayer 78, the 1st fixed magnetic layer 79, 
the antiferromagnetism layer 80, and a protective layer 81. 

[0148] Said substrate layer 70 and protective layer 81 are formed by Ta etc. As for said 
antiferromagnetism layer 80, being formed with the PtMn alloy is desirable. Compared with a 
NiMn alloy, a FeMn alloy, etc. which are used as an antiferromagnetism layer from the former, it 
excels in corrosion resistance, and moreover, a PtMn alloy has high blocking temperature and its 
switched connection field is also large. Moreover, in this invention, it may replace with said PtMn 
alloy and a X-Mn (however, X is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, 
and Ru) alloy or a Pt-Mn-X' (however, X f is one-sort [ any ] or two sorts or more of elements of 
Pd, Ir, Rh, Ru, Au, and Ag) alloy may be used. 

[0149] The 1st fixed magnetic layer 79 and the 2nd fixed magnetic layer 77 are formed with Co 
film, the NiFe alloy, the CoFe alloy, or the CoNiFe alloy. Moreover, as for the nonmagnetic 
interlayer 78, it is desirable to be formed with one sort or two sorts or more of alloys among Ru f 
Rh, Ir, Cr, Re, and Cu. Furthermore, the nonmagnetic conductive layer 76 is formed by Cu etc. 
[0150] moreover, in drawin g 9 and the spin bulb mold thin film shown in 10 (Thickness tP1 of 1st 
fixed magnetic layer 79)/(thickness tP2 of the 2nd fixed magnetic layer 77) It is desirable that it 
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is within the limits of 0:33 to 0.95, or 1.05-4. And both the thickness tP1 of the 1st fixed 
magnetic layer 79 and the thickness tP2 of the 2nd fixed magnetic layer 77 are within the limits 
of 10-70A. and ** — thickness tP1- of the 1st fixed magnetic layer 79 — thickness tP2** of 
the 2nd fixed magnetic layer 77 — it is desirable that it is more than >=2 A. If it is within the 
limits and adjusts [ above-mentioned ] proper, it is possible to acquire the switched connection 
field more than 500 (Oe). 

[0151] Furthermore by this invention, (thickness tP1 of 1st fixed magnetic layer 79)/(thickness 
tP2 of the 2nd fixed magnetic layer 77) It is more desirable that it is within the limits of 0.53 to 
0.95, or 1.05-1.8. And both the thickness tP1 of the 1st fixed magnetic layer 79 and the 
thickness tP2 of the 2nd fixed magnetic layer 77 are within the limits of 10-50A. and — 
thickness tP1- of the 1st fixed magnetic layer 79 — thickness tP2*# of the 2nd fixed magnetic 
layer 77 — it is more desirable that it is more than >=2 A. The above-mentioned thing for which 
it is within the limits and the switched connection field more than accommodation and 
1000 (Oe) is acquired proper is possible. 

[0152] If there is no difference in magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 79, 
and magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 77 to some extent as mentioned 
above, a magnetization condition leads to the fall of a switched connection field and is not 
desirable, even if it will be hard to be in a ferry condition and the difference of magnetic 
thickness Ms^tPI of the 1st fixed magnetic layer 79 and magnetic thickness Ms-tP2 of the 2nd 
fixed magnetic layer 77 becomes large too much. So, as for (magnetic thickness Ms-tP1 of 1st 
fixed magnetic layer 79)/(magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 77), in this 
invention, it is desirable like the thickness ratio of the thickness tp1 of the 1st fixed magnetic 
layer 79, and the thickness tp1 of the 2nd fixed magnetic layer 77 that it is within the limits of 
0.33 to 0.95, or 1.05-4. moreover — this invention — magnetic thickness Ms-tP1 of the 1st 
fixed magnetic layer 79, and magnetic thickness Ms~tP2 of the 2nd fixed magnetic layer 77 — 
within the limits of 10-70 (angstrom tesla) — and it is desirable that the absolute value which 
lengthened magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 77 from magnetic 
thickness Ms-tP1 of the 1st fixed magnetic layer 79 is more than two (angstrom tesla). 
[0153] Moreover (magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 79), it is more 
desirable that / (magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 77) is within the 
limits of 0.53 to 0.95, or 1.05-1.8. Moreover, it is [ above-mentioned ] within the limits, and both 
magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 79 and magnetic thickness Ms-i:P2 of 
the 2nd fixed magnetic layer 77 are within the limits of 10-50 (angstrom tesla), and, as for the 
absolute value which moreover lengthened magnetic thickness Ms-tP2 of the 2nd fixed magnetic 
layer 77 from magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 79, it is desirable [ Ms- 
tP ] that it is more than two (angstrom tesla). 

[0154] Moreover, as for the thickness of the nonmagnetic interlayer 78 who intervenes between 
the- 1st fixed magnetic layer 79 and the 2nd fixed magnetic layer 77, it is desirable that it is 
within the limits of 2.5^6.4, or 6.6-1 0.7A. If it is this within the limits, the switched connection 
field more than 500 (Oe) can be acquired. More preferably, if it is within the limits of 2.8-6.2A or 
6.8-1 0.3A and is this within the limits, it is possible to acquire the switched connection field 
more than 1 Q0Q (Oe). As for the thickness of the antiferromagnetism layer 80, it is still more 
desirable that it is 90A or more. If it is this within the limits, it is possible to acquire the switched 
connection field more than 500 (Oe). More preferably, it is 100A or more, and if it is this within 
the limits, the switched connection field more than 1000 (Oe) can be acquired. 
[01 55] In the spin bulb mold thin film shown in drawing 10 , the free magnetic layer is divided and 
formed in two-layer, the 1 st free magnetic layer 73- is formed in the side which touches the 
nonmagnetic conductive layer 76, and another free magnetic layer is the 2nd free magnetic layer 
71. As shown in drawing 10 , the 1st free magnetic layer 73 is formed by two-layer, and the layer 
75 formed in the side which touches the nonmagnetic conductive layer 76 is formed by Co film. 
Moreover, the layer 74 formed in the side which touches the nonmagnetic interlayer 72, and the 
2nd free magnetic layer 71 are formed with for example, the NiFe alloy, the CoFe alloy, or the 
CoNiFe alloy. 

[0156] As for the spin bulb film from the substrate layer 70 shown in drawing 10 to a protective 
layer 81, the side face is deleted in an inclined plane, and said spin bulb film is formed with 
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trapezoidal shape. The hard bias layers 82 and 82 and conductive layers 83 and 83 are formed in 
the both sides of said spin bulb film. Said hard bias layer 82 is formed with the Co-Pt alloy, the 
Co-Cr—Pt alloy, etc., and said conductive layer 83 is formed by Cu, Cr, etc. 

[0157] The nonmagnetic interlayer 72 intervenes between the 1st free magnetic layer 73 shown 
in drawing 10 , and the 2nd free magnetic layer 71, and magnetization of said 1st free magnetic 
layer 73 and magnetization of the 2nd free magnetic layer 71 are anti-parallel by the switched 
connection field (RKKY interaction) generated between said 1st free magnetic layer 73 and the 
2nd free magnetic layer 71 (ferry condition). In the spin bulb mold thin film shown in drawing 10 , 
the thickness TF 1 of the 1st free magnetic layer 73 is formed more greatly than the thickness 
TF 2 of the 2nd free magnetic layer 71, for example. And Ms~tF1 of said 1st free magnetic layer 
73 If it is set up so that it may become larger than Ms-tF2 of the 2nd free magnetic layer 71, 
and a bias field is given in the direction of illustration X from the hard bias layer 82 Magnetization 
of the 1st large free magnetic layer 73 of Ms-tF1 is influenced of said bias field. It is arranged in 
the direction of illustration X, and magnetization of the 2nd small free magnetic layer 71 of Ms- 
tF2 is arranged with the direction of illustration X, and an opposite direction by the switched 
connection field (RKKY interaction) with said 1 st free magnetic layer 73. In addition, in this 
invention, the thickness tF1 of the 1st free magnetic layer 73 may be formed smaller than the 
thickness tF2 of the 2nd free magnetic layer 71, and Ms-tF1 of said 1st free magnetic layer 73 
may be set up smaller than Ms-tF2 of the 2nd free magnetic layer 71. 

[0158] If an external magnetic field invades from illustration Y, magnetization of said 1st free 
magnetic layer 73 and the 2nd free magnetic layer 71 will rotate in response to the effect of said 
external magnetic field, maintaining a ferry condition. And with the relation between the 
magnetization direction of the 1st free magnetic layer 73 which contributes to deltaMR, and fixed 
magnetization of the 2nd fixed magnetic layer 71, electric resistance changes and the signal of 
an external magnetic field is detected. In this invention, while the thickness ratio of the thickness 
TF 1 of the 1 st free magnetic layer 73 and the thickness TF 2 of the 2nd free magnetic layer 71 
can be rationalized and a bigger switched connection field can be acquired, it makes it possible 
to obtain delta MR almost comparable as the former. 

[0159] ft is desirable that (the thickness tF2 of the free magnetic layer 71 of thickness tF1/2nd 
of the 1 st free magnetic layer 73) is within the limits of 0.56 to 0.83, or 1 .25-5 in this invention. It 
is possible to acquire the switched connection field more than at least 500 (Oe) as it is this 
within the limits. Moreover, as for the above (thickness tF2 of the free magnetic layer 71 of 
thickness tF1/2nd of the 1st free magnetic layer 73), in this invention, it is more desirable that it 
is within the limits of 0.61 to 0.83, or 1.25-2.1. It is possible to acquire the switched connection 
field more than at least 1 000 (Oe) as it is this within the limits. 

[0160] Moreover, if there is no difference in magnetic thickness Ms-tF1 of the 1st free magnetic 
layer 73, and magnetic thickness Ms-tF2 of the 2nd free magnetic layer 71 to some extent, even 
if it will be hard to be in a ferry condition and the difference of magnetic thickness Ms-tF1 of the 
1st free magnetic layer 73 and magnetic thickness Ms-tF2 of the 2nd free magnetic layer 71 
becomes large too much, it leads to the fall of a switched connection field and is not desirable 
[ a magnetization condition ]. So, as for (magnetic thickness Ms-tF1 of 1st free magnetic layer 
73)/(magnetic thickness Ms~tF2 of the 2nd free magnetic layer 71), in this invention, it is 
desirable like the thickness ratio of the thickness tF1 of the 1 st free magnetic layer 73, and the 
thickness tF2 of the 2nd free magnetic layer 71 that it is within the limits of 0.56 to 0.83, or 
1 .25-5. Moreover, it is more desirable that (magnetic thickness Ms-tF1 of 1 st free magnetic 
layer 73)/(magnetic thickness Ms-tF2 of the 2nd free magnetic layer 71) is within the limits of 
0.61 to 0.83, or 1.25-2.1 in this invention. 

[0161] Moreover, as for the nonmagnetic interlayer 72 who intervenes in this invention between 
the 1st free magnetic layer 73 and the 2nd free magnetic layer 71, it is desirable to be formed 
with one sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. As for said 
nonmagnetic interlayer's 72 thickness, it is still more desirable that it is within the limits of 5.5- 
10.0A. If it is this within the limits, it is possible to acquire the switched connection field more 
than 500 (Oe). Moreover, as for said nonmagnetic interlayer's 72 thickness, it is more desirable 
that it is within the limits of 5.9-9.4A. If it is this within the limits, the switched connection field 
more than 1000 (Oe) can be acquired. In addition, if the thickness ratio of the 1st free magnetic 
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layer 73 and the 2nd free magnetic layer 71 and the nonmagnetic interlayer's 72 thickness are 
further adjusted proper within the thickness of the thickness ratio of the 1st fixed magnetic layer 
79 and the 2nd fixed magnetic layer 77, the nonmagnetic interlayer 78, and the 
antiferromagnetism layer 80, and limits mentioned above, it is possible to obtain deltaMR 
(resistance rate of change) comparable as the former. 

[0162] Next, the approach of heat treatment is explained. Temporarily, when Ms-tP1 of the 1st 
fixed magnetic layer 79 is larger than Ms~tP2 of the 2nd fixed magnetic layer 77, it should just 
give the field of 100-1k (Oe) ( or 5k (Oe) in the direction to turn magnetization of said 1st fixed 
magnetic layer 79 to. Or when Ms-tP1 of the 1st fixed magnetic layer 79 is smaller than Ms-tP2 
of the 2nd fixed magnetic layer 77, it can give the field more than 5k (Oe) in a direction to turn 
magnetization of said 1st fixed magnetic layer 79 to, and the direction which wants to turn 
magnetization of 10Q-1k (Oe), or said 1st fixed magnetic layer 79. to- an opposite direction, and 
its ** is good. In this invention, magnetization of said 1st fixed magnetic layer 79 is fixed in the 
direction of illustration Y, and magnetization of said 2nd fixed magnetic layer 77 is being fixed to 
the direction of illustration Y, and the opposite direction. Or magnetization of said 1st fixed 
magnetic layer 79 is fixed to the direction of illustration Y, and an opposite direction, and 
magnetization of said 2nd fixed magnetic layer 77 is being fixed in the direction of illustration Y. 
[0163] Moreover, when a positive direction, the direction of illustration X, an opposite direction 
and the direction of illustration Y, and an opposite direction are made into a negative direction 
for the direction of illustration X, and the direction of illustration Y in this invention, The so- 
called absolute value of the synthetic magnetic moment which added Ms-tF1 of the 1st free 
magnetic layer 73, and Ms-tF2 of the 2nd free magnetic layer 71 The larger one than the 
absolute value of the synthetic magnetic moment which added Ms~tP1 of the 1st fixed magnetic 
layer 79 and Ms~tP2 of the 2nd fixed magnetic layer 77 is desirable, namely, **(Ms-tF1+Ms- 
tF2)/(MsHtp1+Ms-tP2) ** — it is desirable that it is >1. 

[0164] The absolute value of the synthetic magnetic moment of the 1st free magnetic layer 73 
and the 2nd free magnetic layer 71 by making it larger than the absolute value of the synthetic 
magnetic moment of the 1st fixed magnetic layer 79 and the 2nd fixed magnetic layer 77 
Magnetization of said 1st free magnetic layer 79 and the 2nd free magnetic layer 77 It is hard 
coming to win popularity the effect of the synthetic magnetic moment of the 1 st fixed magnetic 
layer 79 and the 2nd fixed magnetic layer 77, and to an external magnetic field, magnetization of 
said 1st free magnetic layer 73 and the 2nd free magnetic layer 71 is highly sensitive, and 
rotates, and it becomes possible to raise an output. 

[0165] Drawing 1 1 is a cross-sectional view showing the structure of the spin bulb mold thin film 
of the* 6th operation gestalt of this invention, and drawing 12 is the sectional view which looked 
at the spin bulb mold thin film shown in drawing 1 1 from the opposed face side with a record 
medium. Focusing on the free magnetic layer, this spin bulb mold! thin film is that dual spin bulb 
mold thin film to which the laminating of a nonmagnetic conductive layer, a fixed magnetic layer, 
and the antiferromagnetism layer was carried out up and down, and said free magnetic layer and 
a fixed magnetic layer are divided by twoHayer through a nonmagnetic interlayer, and it is 
formed. 

[0166] The layer currently formed in the drawing 11 and bottom side shown in 12 It is the 
substrate layer 91. On this substrate layer 91 The antiferromagnetism layer 92, the 1st fixed 
magnetic layer (below) 93, the nonmagnetic interlayer 94 (below). The 2nd fixed magnetic layer 
95, the nonmagnetic conductive layer 96, the 2nd free magnetic layer 97, the nonmagnetic 
interlayer 100, the 1st free magnetic layer 101, the nonmagnetic conductive layer 104, the 2nd 
fixed magnetic layer (above) 105, the nonmagnetic interlayer (above) 106, the 1st fixed magnetic 
layer (above) 107, the antiferromagnetism layer 108, (Below) And the protective layer 109 is 
formed. 

[0167] The quality of the material is explained first. As for the antiferromagnetism layer 92,108, 
being formed with the PtMn alloy is desirable. Compared with a NiMn alloy, a FeMn alloy, etc. 
which are used as an antiferromagnetism layer from the former, it excels in corrosion resistance, 
and moreover, a PtMn alloy has high blocking temperature and its switched connection field 
(exchange anisotropy field) is also large. Moreover, in this invention, it may replace with said 
PtMn alloy and a X~Mn (however, X is one-sort [ any ] or two sorts or more of elements of Pd, 
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Ir, Rh, and Ru) alloy or a Pt-Mn-X' (however, X' is one-sort [ any ] or two sorts or more of 
elements of Pd f Ir, Rh t Ru, Au, and Ag) alloy may be used. 

[0168] The 1st fixed magnetic layer (below) 93 and 107 (above) and the 2nd fixed magnetic layer 
(below) 95 and 105 (above) are formed with Co film, the NiFe alloy, the CoFe alloy, or the CoNiFe 
alloy. The nonmagnetic interlayer 100 currently formed between the 1st fixed magnetic layer 
(below) 93 and 107 (above), the 2nd fixed magnetic layer (below) 95, the nonmagnetic interlayers 
(below) 94 and 106 (above) currently formed among 105 (above), and the 1st free magnetic layer 
101 and the 2nd free magnetic layer 97 Moreover, Ru, It is desirable to be formed with one sort 
or two sorts or more of alloys among Rh, Ir, Cr, Re, and Cu. Furthermore, the nonmagnetic 
conductive layer 96,104 is formed by Cu etc. 

[0169] As shown in drawing 1 1 , the 1st free magnetic layer 101 and the 2nd free magnetic layer 
97 are formed by two-layer. The layer 98 of the layer 103 of the 1st free magnetic layer 101 
formed in the side which touches the nonmagnetic conductive layer 96,104, and the 2nd free 
magnetic layer 97 is formed by Co film. Moreover, the layer 99 of the layer 102 of the 1st free 
magnetic layer 101 currently formed through the nonmagnetic interlayer 100 and the 2nd free 
magnetic layer 97 is formed with for example, the NiFe alloy, the CoFe alloy, or the CoNiFe alloy. 
By forming the layer 98,103 which touches the nonmagnetic conductive layer 96,104 side by Co 
film, deltaMR can be enlarged and, moreover, diffusion with the nonmagnetic conductive layer 
96,104 can be prevented. 

[0170] Next, the proper range of the thickness of each class is explained. The thickness tP1 of 
the 1 st fixed magnetic layer (below) 93 currently first formed in the free magnetic layer bottom, 
The thickness ratio of the thickness tP1 of the 1st fixed magnetic layer (above) 107 and the 
thickness tP2 of the 2nd fixed magnetic layer (above) 105 which are formed in a thickness ratio 
with the thickness tP2 of the 2nd fixed magnetic layer (below) 95 and the free magnetic layer 
bottom (Thickness tP1 of 1st fixed magnetic layer (below) 93 and 107 (above))/(thickness tP2 of 
the 2nd fixed magnetic layer (below) 95 and 105 (above)) It is desirable that it is within the limits 
of 0.33 to 0.95, or 1.05-4. And the thickness of the 1st fixed magnetic layer (below) 93 and 107 
(above) and the 2nd fixed magnetic layer (below) 95 and 1 05 (above) it both forms within the 
limits of 10-70A — having — and ^ — thickness tPl- of the 1st fixed magnetic layer (below) 
93 and 107 (above) — thickness tP2#* of the 2nd fixed magnetic layer (below) 95 and 105 
(above) — being formed by >=2 A is desirable. The above— mentioned thing for which the 
switched connection field more than 500 (Oe) will be acquired if it is within the limits is possible. 
[0171] In this invention, moreover, (thickness tP1 of 1st fixed magnetic layer (below) 93 and 107 
(above))/(thickness tP2 of the 2nd fixed magnetic layer (below) 95 and 105 (above)) It is 
desirable that it is within the limits of 0.53 to 0.95, or 1.05-1.8. And the thickness of the 1st fixed 
magnetic layer (below) 93 and 107 (above) and the 2nd fixed magnetic layer (below) 95 and 105 
(above) it both forms within the limits of 10-50A — having — and ** — thickness tPl- of the 
1st fixed magnetic layer (below) 93 and 107 (above) — thickness tP2** of the 2nd fixed 
magnetic layer (below) 95 and 105 (above) — being formed by >=2 A is desirable. The above- 
mentioned thing for which the switched connection field more than 1000 (Oe) will be acquired if 
it is within the limits is possible. 

[0172] By the way, in this invention, as mentioned above, in order to generate a switched 
connection field (exchange anisotropy field) as an antiferromagnetism layer 92,108 in an interface 
with the 1st fixed magnetic layer (below) 93 and 107 (above), such as a PtMn alloy, the 
antiferromagnetism ingredient which needs heat treatment is used. However, in the interface of 
the antiferromagnetism layer 92 and the 1st fixed magnetic layer (below) 93 which are formed 
below the free magnetic layer, since the thermal diffusion layer has become is easy to be formed 
that it is easy to generate diffusion of a metallic element, the magnetic thickness which 
functions as said 1st fixed magnetic layer (below) 93 is thinner than the actual thickness tP1. 
Therefore, in order to make almost equal the switched connection field generated in the cascade 
screen above a free magnetic layer, and the switched connection field generated from a lower 
cascade screen it is formed below a free magnetic layer — #### (thickness tP2 of the fixed 
magnetic layer (below) 95 of thickness tP1/2nd of the 1st fixed magnetic layer (below) 93) — It 
is formed above the free magnetic layer (the larger one than the thickness tP2 of the fixed 
magnetic layer (above) 105 of thickness tP1/2nd of the 1st fixed magnetic layer (above) 107 is 
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desirable.). By making equal the switched connection field generated from the cascade screen 
above a free magnetic layer, and the switched connection field generated from a lower cascade 
screen, there can be little manufacture process degradation of said switched connection field, 
and can raise the dependability of the magnetic head. 

[0173] If there is no difference in magnetic thickness Ms-tP1 of the 1st fixed magnetic layer 
(below) 93 and 107 (above), and magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 
(below) 95 and 105 (above) to some extent as mentioned above A magnetization condition leads 
to the fall of a switched connection field and is not desirable, even if it will be hard to be in a 
ferry condition and the difference of magnetic thickness Ms-tPI of the 1st fixed magnetic layer 
(below) 93 and 107 (above) and magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 
(below) 95 and 105 (above) becomes large too much, so, in this invention, like the thickness ratio 
of the thickness tP1 of the 1st fixed magnetic layer (below) 93 and 107 (above), and the 
thickness tP2 of the 2nd fixed magnetic layer (below) 95 and 105 (above) As for (magnetic 
thickness Ms-tP1 of 1st fixed magnetic layer (below) 93 and 107 (above))/(magnetic thickness 
Ms-tP2 of the 2nd fixed magnetic layer (below) 95 and 105 (above)), it is desirable that it is with 
within the limits of 0.33 to 0.95, or 1.05-4. In this invention, magnetic thickness Ms— tP1 of the 
1st fixed magnetic layer (below) 93 and 107 (above) and magnetic thickness Ms-tP2 of the 2nd 
fixed magnetic layer (below) 95 and 105 (above) moreover, within the limits of 10-70 (angstrom 
testa) And it is desirable that the absolute value which lengthened magnetic thickness Ms-tP2 of 
the 2nd fixed magnetic layer (below) 95 and 105 (above) from magnetic thickness Ms-tP1 of the 
1st fixed magnetic layer (below) 93 and 107 (above) is more than two (angstrom tesla). 
[0174] Moreover (magnetic thickness Ms-tP1 of the 1st fixed magnetic layer (below) 93 and 107 
(above)), it is more desirable that / (magnetic thickness Ms-tP2 of the 2nd fixed magnetic layer 
(below) 95 and 105 (above)) is within the limits of 0.53 to 0.95, or 1.05-1.8. Moreover, it is 
[ above-mentioned ] within the limits, and both magnetic thickness Ms^tPI of the 1st fixed 
magnetic layer (below) 93 and 107 (above) and magnetic thickness Ms-tP2 of the 2nd fixed 
magnetic layer (below) 95 and 105 (above) are within the limits of 10-50 (angstrom tesla). And as 
for the absolute value which lengthened magnetic thickness Ms~lP2 of the 2nd fixed magnetic 
layer (below) 95 and 105 (above) from magnetic thickness Ms-tPI of the 1st fixed magnetic layer 
(below) 93 and 107 (above), it is desirable that it is more than two (angstrom tesla). 
[0175] Moreover, as for the thickness of the nonmagnetic interlayer (below) 94 who intervenes in 
this invention between the 1st fixed magnetic layer (below) 93 currently formed below the free 
magnetic layer, and the 2nd fixed magnetic layer (below) 95; it is desirable that it is within the 
limits of 3.6-9.6A. If it is this within the limits, the switched connection field more than 500 (Oe) 
can be acquired. More preferably, if it is within the limits of 4-9.4A and is this within the limits, it 
is possible to acquire the switched connection field more than 1000 (Oe). Moreover, as for the 
thickness of the nonmagnetic interlayer (above) 106 who intervenes between the 1st fixed 
magnetic layer (above) 107 and the 2nd fixed magnetic layer (above) 105 which are formed above 
the free magnetic layer, it is desirable that it is within the limits of 2.5-6.4A or 6.6-1 0.7A. It is 
possible to acquire the switched connection field more than at least 500 (Oe) as it is this within 
the limits. Moreover, it is more desirable that it is within the limits of 2.8-6.2A or 6.8-1 0.3A, and 
if it is this within the limits, the switched connection field more than 1 000 (Oe) can be acquired. 
[01 76] Furthermore, by this invention, as for the thickness of the antiferromagnetism layer 
92,108, it is desirable that it is 100A or more, and it can acquire the switched connection field 
more than at least 500 (Oe) by forming said antiferromagnetism layer 92,108 by 100A or more. 
Moreover, in this invention, if the thickness of said antiferromagnetism layer 92,108 is formed by 
1 1 0A or more, the switched connection field more than at least 1000 (Oe) can be acquired. 
[01 77] Moreover, when thickness of the 1 st free magnetic layer 101 is set to tF1 and thickness 
of the 2nd free magnetic layer 97 is set to tF2 in this invention, as for (the thickness tF2 of the 
free magnetic layer 97 of thickness tF1/2nd of the 1st free magnetic layer 101), it is desirable 
that it is within the limits of 0.56 to 0.83, or 1 .25-5. It is possible to acquire the switched 
connection field more than 500 (Oe) as it is this within the limits. Moreover, the above (thickness 
of the 1st free magnetic layer / thickness of the 2nd free magnetic layer) can acquire the 
switched connection field more than 1000 (Oe) as it is more desirable that it is within the limits 
of 0.61 to 0.83, or 1.25-2.1 and it is this within the limits. 
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[0178] Moreover, if there is no difference in magnetic thickness Ms-tF1 of the 1st free magnetic 
layer 101, and magnetic thickness Ms-tF2 of the 2nd free magnetic layer 97 to some extent, 
even if it will be hard to be in a ferry condition and the difference of magnetic thickness Ms-tF1 
of the 1st free magnetic layer 101 and magnetic thickness Ms~tF2 of the 2nd free magnetic 
layer 97 becomes large too much, it leads to the fall of a switched connection field and is not 
desirable [ a magnetization condition ]. So, as for (magnetic thickness Ms-tF1 of 1st free 
magnetic layer 101)/(magnetic thickness Ms~tF2 of the 2nd free magnetic layer 97), in this 
invention, it is desirable like the thickness ratio of the thickness tFI of the 1st free magnetic 
layer 101, and the thickness tF2 of the 2nd free magnetic layer 97 that it is within the limits of 
0.56 to 0.83, or 1.25-5. Moreover, it is more desirable that (magnetic thickness Ms~tF1 of 1st 
free magnetic layer 101)/(magnetic thickness Ms-tF2 of the 2nd free magnetic layer 97) is within 
the limits of 0.61 to 0.83, or 1.25-2.1 in this invention. 

[0179] Moreover, as for the nonmagnetic interlayer 100 who intervenes between the 1st free 
magnetic layer 101 and the 2nd free magnetic layer 97, it is desirable that that thickness is 
formed within the limits of 5.5-1 0.0A, and he can acquire the switched connection field more 
than 500 (Oe) as it is this within the limits. Moreover, said nonmagnetic interlayer's 100 
thickness can acquire the switched connection field more than 1000 (Oe) as it is more desirable 
that it is within the limits of 5.9-9.4A and it is this within the limits. 

[0180] In this invention, in addition, the thickness ratio of the 1st fixed magnetic layer (below) 93 
and 107 (above) and the 2nd fixed magnetic layer (below) 95 and 105 (above), The thickness of 
the 1st fixed magnetic layer (below) 93 and 107 (above), the 2nd fixed magnetic layer (below) 95 
and 105 (above), the nonmagnetic interlayers (below) 94 and 106 (above), and the 
antiferromagnetism layer 92,108, Furthermore, if it is within the limits and the thickness ratio of 
the 1 st free magnetic layer 1 01 and the 2nd free magnetic layer 97 and the nonmagnetic 
interlayer's 100 thickness are adjusted [ above-mentioned ] proper, it is possible to obtain 
deltaMR comparable as the former. 

[0181] By the way, in drawing 1 1 and the dual spin bulb mold thin film shown in 12, it is 
necessary to turn mutually to an opposite direction magnetization of the 2nd fixed magnetic 
layer (below) 95 and 105 (above) in which the free magnetic layer is formed up and down. This is 
because the free magnetic layer is divided and formed in two— layer [ of the 1st free magnetic 
layer 101 and the 2nd free magnetic layer 97 ] and magnetization of said 1st free magnetic layer 
101 and magnetization of the 2nd free magnetic layer 97 have become anti-parallel. For example, 
as shown in drawing 1 1 and 12, supposing magnetization of the 1st free magnetic layer 101 is 
magnetized by the direction of illustration X, and the opposite direction, magnetization of the 2nd 
free magnetic layer 97 is in the condition of having been magnetized in the direction of 
illustration X, by the switched connection field (RKKY interaction) with said 1st free magnetic 
layer 101. Magnetization of said 1st free magnetic layer 101 and the 2nd free magnetic layer 97 
is reversed in response to the effect of an external magnetic field, maintaining a ferry condition. 
[0182] If it is in the dual spin bulb mold thin film shown in drawin g 1 1 and dra wing 12 , both 
magnetization of the 1st free magnetic layer 101 and magnetization of the 2nd free magnetic 
layer 97 serve as a layer which participates in deltaMR, and electric resistance changes by the 
relation between fluctuation magnetization of said 1st free magnetic layer 101 and the 2nd free 
magnetic layer 97, and fixed magnetization of the 2nd fixed magnetic layer (below) 95 and 105 
(above). In order to demonstrate the function as a dual spin bulb mold thin film in which large 
deltaMR is expectable compared with a single spin bulb mold thin film Resistance change with 
the 1st free magnetic layer 101 and the 2nd fixed magnetic layer (above) 105 and resistance 
change with the 2nd free magnetic layer 97 and the 2nd fixed magnetic layer (below) 95 so that 
the same fluctuation may both be shown There is the need of controlling the magnetization 
direction of said 2nd fixed magnetic layer (below) 95 and 105 (above). Namely, when resistance 
change with the 1st free magnetic layer 101 and the 2nd fixed magnetic layer (above) 105 
becomes max, When it is made for resistance change with the 2nd free magnetic layer 97 and 
the 2nd fixed magnetic layer (below) 95 to also become max and resistance change with the 1st 
free magnetic layer 101 and the 2nd fixed magnetic layer (above) 105 becomes min, What is 
necessary is just to make it resistance change with the 2nd free magnetic layer 97 and the 2nd 
fixed magnetic layer (below) 95 also become min. 
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[0183] Therefore, in drawing 11 and the dual spin bulb mold thin film shown in 12, since 
magnetization of the 1st free magnetic layer 101 and the 2nd free magnetic layer 97 is 
magnetized by anti-parallel, there is the need of magnetizing mutually magnetization of the 2nd 
fixed magnetic layer (above) 1 05 and magnetization of the 2nd fixed magnetic layer (below) 95 to 
an opposite direction. In this invention, since it is above, magnetization of the 2nd fixed magnetic 
layer (below) 95 and magnetization of the 2nd fixed magnetic layer (above) 105 are turned to an 
opposite direction, and it is fixing, but in order to control such a magnetization direction, it is 
necessary to adjust Ms-t of each fixed magnetic layer, the direction of the magnetic field given 
during heat treatment, and magnitude proper. 

[0184] About Ms-t of each fixed magnetic layer, first Ms^tPI of the 1st fixed magnetic layer 
(above) 1 07 currently formed above the free magnetic layer It is made larger than Ms-i:P2 of the 
2nd fixed magnetic layer (above) 105. Ms-tP1 of the 1st fixed magnetic layer (below) 93 
currently formed below the free magnetic layer [ whether it is made smaller than Ms^tP2 of the 
2nd fixed magnetic layer (below) 95, and ] Or Ms-tP1 of the 1st fixed magnetic layer (above) 107 
currently formed above the free magnetic layer It is necessary to make larger than Ms-tP2 of 
the 2nd fixed magnetic layer (below) 95 Ms-tP1 of the 1st fixed magnetic layer (below) 93 which 
makes it smaller than Ms~tP2 of the 2nd fixed magnetic layer 105 (above), and is formed below 
the free magnetic layer. 

[0185] In this invention, since the antiferromagnetism ingredient which generates a switched 
connection field in an interface with the 1st fixed magnetic layer (below) 93 and 107 (above) by 
giving annealing in a magnetic field (heat treatment), such as a PtMn alloy, as an 
antiferromagnetism layer 92,108 is used, the direction and magnitude of the magnetic field 
impressed during heat treatment must be adjusted proper. In this invention, Ms-tP1 of the 1st 
fixed magnetic layer (above) 107 currently formed above the free magnetic layer It is made larger 
than Ms-tP2 of the 2nd fixed magnetic layer (above) 105. If it is when it is made smaller than 
Ms-tP2 of the 2nd fixed magnetic layer (below) 95, Ms-tP1 of the 1st fixed magnetic layer 
(below) 93 currently formed below the free magnetic layer The field of 1 00-1 k (Oe) is given in 
the direction to turn to magnetization of the 1 st fixed magnetic layer (above) 1 07 currently 
formed above the free magnetic layer. 

[0186] For example, the field of 100-1k (Oe) is given in the direction of illustration Y to turn 
magnetization of said 1st fixed magnetic layer (above) 107 in the direction of illustration Y, as 
shown in draw ing 1 1 . Both the 1st [ said ] large fixed magnetic layer (above) 107 of Ms-tP1 and 
the 2nd fixed magnetic layer (below) 95 formed below the free magnetic layer are suitable in the 
direction of illustration Y, i.e., direction, of said impression magnetic field here. On the other 
hand, magnetization of the 2nd small fixed magnetic layer (above) 105 of Ms-tP2 formed above 
the free magnetic layer is magnetized by the magnetization direction of said 1st fixed magnetic 
layer (above) 107, and anti-parallel by the switched connection field (RKKY interaction) with the 
1st fixed magnetic layer (above) 107. Magnetization of the 1st small fixed magnetic layer (below) 
93 of Ms-tPf similarly formed below the free magnetic layer tends to be in magnetization and 
ferry condition of the 2nd fixed magnetic layer (below) 95, and is magnetized by the direction of 
illustration Y, and the opposite direction. Magnetization of the 1st fixed magnetic layer (above) 
107 formed above the free magnetic layer is fixed in the direction of illustration Y by the 
switched connection field (exchange anisotropy field) generated in an interface with the 
antiferromagnetism layer 108 by heat treatment, and magnetization of the 2nd fixed magnetic 
layer (above) 105; is fixed to the direction of illustration Y, and an opposite direction. Similarly, 
magnetization of the 1 st fixed magnetic layer (below) 93 currently formed below the free 
magnetic layer is fixed to the direction of illustration Y, and an opposite direction by the 
switched connection field (exchange anisotropy field), and magnetization of the 2nd fixed 
magnetic layer (below) 95 is fixed in the direction of illustration Y. 

[0187] Moreover, Ms-tP1 of the 1st fixed magnetic layer (above) 107 currently formed above the 
free magnetic layer It is made smaller than Ms-tP2 of the 2nd fixed magnetic layer (above) 105. 
When Ms-tP1 of the 1st fixed magnetic layer (below) 93 currently formed below the free 
magnetic layer is made larger than Ms-tP2 of the 2nd fixed magnetic layer (below) 95 k [ 100-/ 
1 ] (Oe) Give a field in the direction to turn to magnetization of the 1 st fixed magnetic layer 
(below) 93 formed below the free magnetic layer. deltaMR comparable as the conventional dual 
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spin bulb mold thin film can be obtained by magnetizing the 2nd fixed magnetic layer (below) 95 
and 105 (above) in which the free magnetic layer was formed up and down as mentioned above 
to an opposite direction. 

[0188] Moreover, in this invention, in order to enable it to be reversed with more sufficient 
sensibility to an external magnetic field, magnetization of the 1st free magnetic layer 101 of a 
ferry condition, and magnetization of the 2nd free magnetic layer 97 The synthetic magnetic 
moment which added the magnetic moment of the 1st free magnetic layer 101 and the magnetic 
moment of the 2nd free magnetic layer 97 The synthetic magnetic moment which added the 
magnetic moment of the 1st fixed magnetic layer (below) 93 and the magnetic moment of the 
2nd fixed magnetic layer (below) 95 which are formed below said free magnetic layer, And what is 
necessary is just to make it become larger than the synthetic magnetic moment which added the 
magnetic moment of the 1st fixed magnetic layer (above) 107 and the magnetic moment of the 
2nd fixed magnetic layer (above) 105 which are formed above the free magnetic layer. For 
example, the magnetic moment of the direction of illustration X, and the direction of illustration Y 
Namely, a forward value, When the magnetic moment of the direction of illustration X, an 
opposite direction and the direction of illustration Y, and an opposite direction is made into a 
negative value, synthetic magnetic-moment **Ms-tP1+Ms-tP2#* in which synthetic magnetic- 
moment Ms-tF1+Ms-tF2 is formed by the magnetic moment of the 1st fixed magnetic 
layer (above) 107 and the 2nd fixed magnetic layer (above) 105 — and It is more desirable than 
synthetic magnetic-moment ** Ms-tP1+Ms~tP2 ** with the 1st fixed magnetic layer (below) 93 
and the 2nd fixed magnetic layer (below) 95 that it is large, as mentioned above, in the spin bulb 
mold thin film shown in drayying 12 from drawing 7 Not only a fixed magnetic layer but a free 
magnetic layer is divided through a nonmagnetic interlayer to two-layer [ of the 1 st free 
magnetic layer and the 2nd free magnetic layer ]. By changing magnetization of said two-layer 
free magnetic layer into an anti-parallel condition (ferry condition) by the switched connection 
field (RKKY interaction) generated between this two-layer free magnetic layer ft enables it to 
reverse magnetization of said 1 st free magnetic layer and the 2nd free magnetic layer with 
sufficient sensibility to an external magnetic field. 

[0189] In this invention, moreover, the thickness ratio of the 1st free magnetic layer and the 2nd 
free magnetic layer, The thickness of the nonmagnetic interlayer who intervenes between said 
1 st free magnetic layer and the 2nd free magnetic layer, Or by forming the thickness of the 
nonmagnetic interlayer who intervenes between the thickness ratio of the 1st fixed magnetic 
layer and the 2nd fixed magnetic layer, and said 1 st fixed magnetic layer and the 2nd fixed 
magnetic layer, the thickness of an antiferromagnetism layer, etc. within proper limits Can 
enlarge a switched connection field and the magnetization condition of the 1 st fixed magnetic 
layer and the 2nd fixed magnetic layer is considered as fixed magnetization. It is possible to 
maintain at the ferry condition stabilized also thermally by considering the magnetization 
condition of the 1st free magnetic layer and the 2nd free magnetic layer as fluctuation 
magnetization, and it is possible to obtain deltaMR comparable as the former moreover. It is 
possible to maintain the anti-parallel condition (ferry condition) of magnetization of the 1st fixed 
magnetic layer and magnetization of the 2nd fixed magnetic layer at the condition of having been 
stabilized also more nearly thermally, by adjusting the direction of a sense current further by this 
invention. 

[0190] In a spin bulb mold thin film, the conductive layer is formed in the both sides of the 
cascade screen which consists of an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, and a free magnetic layer, and a sense current is passed from this 
conductive layer. Said sense current mainly flows to the interface of said small nonmagnetic 
conductive layer of specific resistance, and said nonmagnetic conductive layer and fixed 
magnetic layer, and the interface of a nonmagnetic conductive layer and a free magnetic layer. In 
this invention, said fixed magnetic layer is divided by the 1 st fixed magnetic layer and the 2nd 
fixed magnetic layer, and said sense current is mainly flowing to the interface of the 2nd fixed 
magnetic layer and a nonmagnetic conductive layer. If said sense current is passed, a sense 
current field will be formed by the principle of a right screw. In this invention, the direction which 
said sense current passes is adjusted so that it may become in the same direction as the 
direction of the synthetic magnetic moment which adds the magnetic moment of the 1 st fixed 
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magnetic layer and the magnetic moment of the 2nd fixed magnetic layer, and can search for 
said sense current field. 

[0191] The 2nd fixed magnetic layer 54 is formed in the nonmagnetic conductive layer 15 bottom 
in the spin bulb mold thin film shown in drawing 1 . In this case, if it is, the direction of a sense 
current field is doubled in the magnetization direction of a fixed magnetic layer with the larger 
magnetic moment among the 1 st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54. As 
shown in drawing 1 , the magnetic moment of said 2nd fixed magnetic layer 54 is large compared 
with the magnetic moment of the 1st fixed magnetic layer 52, and the magnetic moment of said 
2nd fixed magnetic layer 54 has turned to the direction of illustration Y f and the opposite 
direction (illustration left). For this reason, the synthetic magnetic moment which added the 
magnetic moment of said 1st fixed magnetic layer 52 and the magnetic moment of the 2nd fixed 
magnetic layer 54 has turned to the direction of illustration Y, and the opposite direction 
(illustration left). 

[0192] As mentioned above, the nonmagnetic conductive layer 15 is formed in the 2nd fixed 
magnetic layer 54 and 1st fixed magnetic layer 52 bottom. For this reason, the sense current 
field formed of the sense current 1 12 which mainly flows focusing on said nonmagnetic 
conductive layer 15 should just control the direction which said sense current 112 passes 
suitable [ leftward / illustration ] in under surface than said nonmagnetic conductive layer 1 5. If 
it does in this way, the direction of the synthetic magnetic moment of the 1st fixed magnetic 
layer 52 and the 2nd fixed magnetic layer 54 and the direction of said sense current field are in 
agreement. 

[0193] As shown in drawing 1 , said sense current 1 12 is passed in the direction of illustration X. 
By the principle of a right screw, the sense current field formed by passing a sense current is 
formed in the clockwise direction to space, therefore, in the layer below the nonmagnetic 
conductive layer 1 5 The sense current field of the illustration left (the direction of illustration Y 
and opposite direction) will be impressed. By this sense current field The switched connection 
field (RKKY interaction) which acts in the direction which reinforces the synthetic magnetic 
moment, and acts between the 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 
is amplified. It becomes possible to stabilize more nearly thermally the anti-parallel condition of 
magnetization of said 1 st fixed magnetic layer 52, and magnetization of the 2nd fixed magnetic 
layer 54. 

[0194] If 1 mA especially of sense currents is passed, it turns out that the sense current field of 
about 30 (Oe) extent occurs, and a chip temperature rises by about 1 5 degrees C. Furthermore, 
the rotational frequency of a record medium becomes quick to 1000rpm extent, and the 
temperature in equipment rises to about 100 degrees C by the rise of this rotational frequency. 
For this reason, when 10mA of sense currents is passed, for example, the chip temperature of a 
spin bulb mold thin film rises to about 250 degrees C, and becomes as large [ a sense current 
field ] as 300 (Oe) further. 

[0195] The anti-parallel condition of magnetization of the 1st fixed magnetic layer 52 and 
magnetization of the 2nd fixed magnetic layer 54 becomes it easy to break that the direction of 
the synthetic magnetic moment which adds the magnetic moment of the 1 st fixed magnetic layer 
52 and the 2nd fixed magnetic layer 54, and can ask for them under such very high 
environmental temperature if it is when a sense current big moreover flows, and the direction of 
a sense current field are reverse sense. Moreover, in order to enable it to bear also under high 
environmental temperature, it is necessary besides accommodation of the direction of a sense 
current field to use the antiferromagnetism ingredient which has high blocking temperature as an 
antiferromagnetism layer 11, therefore the PtMn alloy whose blocking temperature is about 400 
degrees C is used in this invention. 

[0196] In addition, when the synthetic magnetic moment formed by the magnetic moment of the 
1st fixed magnetic layer 52 and the magnetic moment of the 2nd fixed magnetic layer 54 which 
are shown in drawing 1 is suitable rightward [ illustration ] (the direction of illustration Y), a sink 
and a sense current field should just be formed in the direction of illustration X, and an opposite 
direction in the counterclockwise direction to space in a sense current. 

[0197] Next, the direction of a sense current of the spin bulb mold thin film shown in drawing 3 is 
explained. In drawing 3 , the 2nd fixed magnetic layer 25 and the 1st fixed magnetic layer 27 are 
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formed in the nonmagnetic conductive layer 24 bottom. As shown in drawin g 3 , the direction of 
the magnetic moment of the 1 st fixed magnetic layer 27 is larger than the magnetic moment of 
the 2nd fixed magnetic layer 25, and, as for the direction of the magnetic moment of said 1 st 
fixed magnetic layer 27, the direction (illustration right) of illustration Y is turned to. For this 
reason, the synthetic magnetic moment which added the magnetic moment of said 1st fixed 
magnetic layer 27 and the magnetic moment of the 2nd fixed magnetic layer 25 has turned to the 
illustration right. 

[0198] As shown in drawing 3 , the sense current 1 13 is passed in the direction of illustration X. 
By the principle of a right screw, the sense current field formed by passing the sense current 
1 1 3 is formed in the clockwise direction to space. Since the 2nd fixed magnetic layer 25 and the 
1st fixed magnetic layer 27 are formed above the nonmagnetic conductive layer 24, to said 2nd 
fixed magnetic layer 25 and the 1st fixed magnetic layer 27 The sense current field of the 
illustration right (the direction of illustration Y and opposite direction) will invade, and the anti- 
parallel condition of magnetization of the 1st fixed magnetic layer 27 and magnetization of the 
2nd fixed magnetic layer 25 has stopped being able to break easily in accordance with the 
direction of the synthetic magnetic moment therefore. 

[0199] In addition, when said synthetic magnetic moment is suitable leftward [ illustration ] (the 
direction of illustration Y, and opposite direction), the sense current field formed in the direction 
of illustration X and an opposite direction by passing a sink and said sense current 1 13 in the 
sense current 1 13 is generated in the counterclockwise direction to space, and it is necessary to 
make in agreement the sense of the synthetic magnetic moment of the 1st fixed magnetic layer 
27 and the 2nd fixed magnetic layer 25, and the sense with said sense current field. 
[0200] The spin bulb mold thin film shown in drawing 5 j s a dual spin bulb mold thin film of the 
free magnetic layer 36 in which the 1st fixed magnetic layer (below) 32 and 43 (above) and the 
2nd fixed magnetic layer (befow) 34 and 41 (above) were formed up and down. It is necessary by 
this dual spin bulb mold thin film to control the direction of the magnetic moment of said 1st 
fixed magnetic layer (below) 32 and 43 (above), the direction of the magnetic moment of that 
magnitude and the 2nd fixed magnetic layer (below) 34 and 41 (above), and its magnitude so that 
the synthetic magnetic moment in which the free magnetic layer 36 is formed up and down turns 
to an opposite direction mutually. 

[0201] As shown in drawi ng 5 , the magnetic moment of the 2nd fixed magnetic layer (below) 34 
currently formed below the free magnetic layer 36 is larger than the magnetic moment of the 1 st 
fixed magnetic layer (below) 32, and the magnetic moment of said 2nd fixed magnetic layer 
(below) 34 has turned to the illustration right (the direction of illustration Y). Therefore, the 
synthetic magnetic moment which adds the magnetic moment of said 1st fixed magnetic layer 
(below) 32 and the magnetic moment of the 2nd fixed magnetic layer (below) 34, and can search 
for them has turned to the illustration right (the direction of illustration Y). Moreover, the 
magnetic moment of the 1 st fixed magnetic layer (above) 43 currently formed above the free 
magnetic layer 36 is larger than the magnetic moment of the 2nd fixed magnetic layer (above) 41, 
and the magnetic moment of said 1 st fixed magnetic layer (above) 43 is suitable leftward 
[ illustration ] (the direction of illustration Y, and opposite direction). For this reason, the 
synthetic magnetic moment which adds the magnetic moment of said 1st fixed magnetic layer 
(above) 43 and the magnetic moment of the 2nd fixed magnetic layer (above) 41, and can search 
for them has turned to the illustration left (the direction of illustration Y, and opposite direction). 
Thus, in this invention, the synthetic magnetic moment in which the free magnetic layer 36 is 
formed up and down has turned to the opposite direction mutually. In this invention, as shown in 
drawing 5 , the sense current 1 14 is passed in the direction of illustration X, and an opposite 
direction. The sense current field formed by this passing said sense current 1 14 is formed in the 
counterclockwise direction to space. 

[0202] Since the synthetic magnetic moment by which the synthetic magnetic moment formed 
below said free magnetic layer 36 was formed rightward [ illustration ] (the direction of 
illustration Y) above the free magnetic layer 36 is suitable leftward [ illustration ] (the direction 
of illustration Y, and opposite direction) The direction of said two synthetic magnetic moments is 
in agreement with the direction of a sense current field. The anti-parallel condition of 
magnetization of the 1 st fixed magnetic layer (below) 32, and magnetization of the 2nd fixed 
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magnetic layer (below) 34 formed in the free magnetic layer 36 bottom, And it is possible to 
maintain the anti-parallel condition of magnetization of the 1st fixed magnetic layer (above) 43 
and magnetization of the 2nd fixed magnetic layer (above) 41 formed in the free magnetic layer 
36 bottom in the condition of having been stabilized also thermally. In addition, when the 
synthetic magnetic moment formed below the free magnetic layer 36 is suitable leftward 
[ illustration ] and the synthetic magnetic moment formed above the free magnetic layer 36 has 
turned to illustration right-hand side; it is necessary to make in agreement the direction of the 
sense current field formed in the direction of illustration X by passing a sink and said sense 
current in the sense current 114, and the direction of said synthetic magnetic moment. 
[0203] Moreover, although it is the example of the spin bulb mold thin film by which the free 
magnetic layer was divided and formed in two-layer [ of the 1st free magnetic layer and the 2nd 
free magnetic layer ] through the nonmagnetic interlayer in drawing 7 and drawing 9 What is 
necessary is just to control the same direction of a sense current as the case of the spin bulb 
mold thin film shown in drawing 1 , if it is like the spin bulb mold thin film shown in drawing 7 
when the 1st fixed magnetic layer 52 and the 2nd fixed magnetic layer 54 are formed below the 
nonmagnetic conductive layer 55. Moreover, what is necessary is just to control the same 
direction of a sense current as the case of the spin bulb mold thin film shown in d rawing 3 , if it 
is like the spin bulb mold thin film shown in drawing 9 when the 1 st fixed magnetic layer 79 and 
the 2nd fixed magnetic layer 77 are formed above the nonmagnetic conductive layer 76. 
[0204] The direction of the sense current field which is formed by passing a sense current as 
mentioned above according to this invention, By making in agreement the direction of the 
synthetic magnetic moment which can be searched for by adding the magnetic moment of the 
1st fixed magnetic layer, and the magnetic moment of the 2nd fixed magnetic layer It is possible 
to make the switched connection field (RKKY interaction) which acts between said 1st fixed 
magnetic layer and the 2nd fixed magnetic layer amplify, and to maintain the anti-parallel 
condition (ferry condition) of magnetization of said 1st fixed magnetic layer and magnetization of 
the 2nd fixed magnetic layer at the condition of having been stabilized thermally. In order 
especially to raise thermal stability more by this invention, even if it is using the 
antiferromagnetism ingredient with high blocking temperature, such as a PtMn alloy, for an 
antiferromagnetism layer and environmental temperature rises sharply by this compared with the 
former, it can be made hard to break the anti-parallel condition (ferry condition) of magnetization 
of said 1st fixed magnetic layer, and magnetization of the 2nd fixed magnetic layer. 
[0205] Moreover, although a sense current field will also become large according to it if the 
amount of sense currents tends to be enlarged and it is going to enlarge a playback output since 
it corresponds to high recording density— ization In this invention, since said sense current field 
has brought about the operation which makes the switched connection field committed between 
the 1st fixed magnetic layer and the 2nd fixed magnetic layer amplify, the magnetization 
condition of the 1st fixed magnetic layer and the 2nd fixed magnetic layer becomes what was 
stabilized more according to increase of a sense current field. In addition, in order to be able to 
apply it even if control of this direction of a sense current is the case where what kind of 
antiferromagnetism ingredient is used for an antiferromagnetism layer, for example, to generate a 
switched connection field (exchange anisotropy field) in the interface of an antiferromagnetism 
layer and a fixed magnetic layer (1st fixed magnetic layer), it does not ask whether heat 
treatment is required or it is not required. 

[0206] Furthermore, like before, even if it is the case of the single spin bulb mold thin film in 
which the fixed magnetic layer was formed by the monolayer, it is possible to stabilize 
magnetization of said fixed magnetic layer thermally by making in agreement the direction of the 
sense current field formed by passing the sense current mentioned above, and the magnetization 
direction of a fixed magnetic layer. 
[0207] 

[Example] In this invention, the spin bulb mold thin film which divided and formed the fixed 
magnetic layer in two-layer [ of the 1st fixed magnetic layer and the 2nd fixed magnetic layer ] 
through the nonmagnetic middle class was used first, and it measured about the relation between 
the thickness ratio of said 1st fixed magnetic layer and the 2nd fixed magnetic layer, and a 
switched connection field (Hex) and deltaMR (resistance rate of change). First, the 1st fixed 
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magnetic layer (fixed magnetic layer of the side which touches an antiferromagnetism layer) was 
fixed to 20A or 40A, the thickness of the 2nd fixed magnetic layer was changed, and it 
investigated about the relation between the thickness of said 2nd fixed magnetic layer, and a 
switched connection field and deltaMR. The film configuration used for the experiment is as 
follows. Si substrate / alumina / Ta(30) / antiferromagnetism layer ;P tMn (150) / fixed magnetic 
layer [ of a 1st ]; — Co (20 or 40) / nonmagnetic interlayer; — Ru (7) / fixed magnetic layer 
[ of a 2nd ]; — Co(X) / nonmagnetic conductive layer; — Cu(25) / free magnetic layer; — 
they are Co(10)+NiFe(40) / Ta (30). In addition, the numeric value in the parenthesis in each 
class shows thickness, and a unit is angstrom. 

[0208] Moreover, by this invention, after forming the above-mentioned spin bulb mold thin film, 
heat treatment of 4 hours was performed at 260 degrees C, impressing the magnetic field of 200 
(Oe). The experimental result is shown in drawing 14 and drawing 15 . As shown in drawing 14 , 
when the thickness tP1 of the 1st fixed magnetic layer (P1) is fixed by 20A and thickness tP2 of 
the 2nd fixed magnetic layer (P2) is made into 20A, as for a switched connection field (Hex), by 
falling and thickening said thickness tP2 shows rapidly that said switched connection field falls 
gradually. Moreover, when the thickness tP1 of said 1st fixed magnetic layer (P1) is fixed by 40A, 
if thickness tP2 of the 2nd fixed magnetic layer (P2) is made into 40A, a switched connection 
field will fall rapidly, and when said thickness tP2 is made larger than 40A, it turns out gradually 
that a switched connection field falls. Moreover, if said thickness tP2 is made smaller than 40A, a 
switched connection field will become large to about 26A, but when said thickness tP2 is made 
smaller than 26A, it turns out that a switched connection field becomes small. 
[0209] If the thickness tP1 of the 1st fixed magnetic layer (P1) and the thickness tP2 of the 2nd 
fixed magnetic layer (P2) are formed by the almost same thickness, that by the way, a switched 
connection field falls rapidly It is surmised that rt is because magnetization of said 1st fixed 
magnetic layer (PI) and magnetization of the 2nd fixed magnetic layer (P2) cannot be in the so- 
called ferry condition which is not mutually magnetized by arrti-parafliel easily. 
[0210] Since both the 1st fixed magnetic layer (PI) and the 2nd fixed magnetic layer (P2) are 
formed by Co film as shown in the film configuration mentioned above, it has the same saturation 
magnetization (Ms). By being formed by the further almost same thickness, the magnetic moment 
(Ms~tP1) of the 1st fixed magnetic layer (PI) and the magnetic moment (Ms-tP2) of the 2nd 
fixed magnetic layer (P2) are set up with the almost same value. In this invention, since the 
PtMn alloy is used for an antiferromagnetism layer, by giving annealing in an after [ membrane 
formation ] magnetic field, a switched connection field is generated in an interface with the 1 st 
fixed magnetic layer (PI), and it is going to fix said 1st fixed magnetic layer (P1) in a certain 
fixed direction. 

[0211] However, when the magnetic moment of the 1st fixed magnetic layer (P1) and the 2nd 
fixed magnetic layer (P2) heat-treats by impressing a magnetic field as it is the almost same 
value, said 1st fixed magnetic layer (P1) and the 2nd fixed magnetic layer (P2) consider as the 
other side in both the directions of a magnetic field. Although a switched connection field (RKKY 
interaction) occurs between the 1st fixed magnetic layer (P1) and the 2nd fixed magnetic layer 
(P2) and magnetization of said 1st fixed magnetic layer (P1) and magnetization of the 2nd fixed 
magnetic layer (P2) tend to be magnetized by the anti-parallel condition (ferry condition) if it is 
original In order that magnetization of the 1st fixed magnetic layer (P1) and the 2nd fixed 
magnetic layer (P2) may consider as the other side in the direction of a magnetic field mutually, 
an anti-parallel condition is hard to be magnetized and the magnetization condition of the 1st 
fixed magnetic layer (P1) and the 2nd fixed magnetic layer (P2) is in the very unstable condition 
to the external magnetic field etc. 

[0212] For this reason, although it is desirable to give the difference of the magnetic moment of 
the 1st fixed magnetic layer (P1) and the magnetic moment of the 2nd fixed magnetic layer (P2) 
to some extent, as shown in drawing 14 If the difference of the thickness tP1 of the 1st fixed 
magnetic layer (P1), and the thickness tP2 of the 2nd fixed magnetic layer (P2) becomes large 
too much and there is a difference of the magnetic moment of the 1st fixed magnetic layer (P1) 
and the 2nd fixed magnetic layer (P2) too much A switched connection field falls and there is a 
problem that an anti-parallel condition tends to collapse. 

[0213] Drawing 16 and 17 are the graphs showing the relation between the thickness tP1 of said 
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1st fixed magnetic layer when fixing the thickness tP2 of the 2nd fixed magnetic layer (P2) by 
30A, and changing the thickness tP1 of the 1st fixed magnetic layer (P1) f a switched connection 
field (Hex), and deltaMR. The film configuration of the spin bulb mold thin film used in this 
experiment is as follows. Si substrate / alumina / Ta(30) / PtMn(150)/ — fixed magnetic layer 
[ of ** a 1st ]; — Co(X) / nonmagnetic interlayer; — Ru (7) / fixed magnetic layer [ of ** a 
2nd ]; — Co(30) / nonmagnetic conductive layer; — Cu(25) / free magnetic layer; — they are 
Co(10)+NiFe(40) / Ta (30). In addition, the numeric value in the parenthesis in each class shows 
thickness, and a unit is angstrom. Moreover, by this invention, after forming the above- 
mentioned spin bulb mold thin film, heat treatment of 4 hours was performed at 260 degrees C, 
impressing the magnetic field of 200 (Oe). 

[0214] As shown in drawing 16 , when thickness tP1 of the 1st fixed magnetic layer (P1) is made 
into 30A (i.e., when it forms by the same thickness as the thickness tP2 of the 2nd fixed 
magnetic layer (P2)) ? it turns out that a switched connection field (Hex) falls rapidly. This is 
based on the reason mentioned above. Moreover, also when the thickness tP1 of the 1st fixed 
magnetic layer (P1) is about 32A, it turns out that the switched connection field is small. This is 
because the magnetic thickness of the 1st fixed magnetic layer becomes small and approaches 
the thickness tP2 (= 30A) of the 2nd fixed magnetic layer rather than the actual thickness tP1 
according to generating of a thermal diffusion layer. In the interface of an antiferromagnetism 
layer and the 1st fixed magnetic layer, said thermal diffusion layer is formed, when a metallic 
element is spread, but as shown in the film configuration used in this experiment, when an 
antiferromagnetism layer and a fixed magnetic layer are formed below a free magnetic layer, it 
becomes easy to generate said thermal diffusion layer. 

[0215] Drawing 18 m s a graph which shows the thickness of said 1st fixed magnetic layer at the 
time of manufacturing a dual spin bulb mold thin film, fixing the 2nd two fixed magnetic layer of 
said dual spin bulb mold thin film both to 20A, and changing each thickness of the 1st two fixed 
magnetic layer, and relation with a switched connection field (Hex). The film configuration of the 
spin bulb mold thin film used in this experiment is as follows. Si substrate / alumina / Ta 
(30) /antiferromagnetism layer ;P tMn (150) — / — the 1st fixed magnetic layer () [ PI ] bottom; 

— Co(X) / nonmagnetic interlayer; — Ru (6) / fixed magnetic layer [ of *# a 2nd ] (under P2 ); - 

- Co(20) / nonmagnetic conductive layer; — Cu(20) / free magnetic layer; — Co(10)+NiFe(40) 
+Co(10) / nonmagnetic conductive layer; — Cu (20) / 2nd fixed magnetic layer 0 [ P2 ] top; — 
Co(20) / nonmagnetic interlayer; — Ru (8) / fixed magnetic layer [ of ** a 1st ] (on P1 ); — Co 
(X) / antiferromagnetism layer ;P tMn (150) / protective layer; — it is Ta (30). In addition, the 
numeric value in the parenthesis in each class shows thickness, and a unit is angstrom. 
Moreover, by this invention, after forming the above-mentioned spin bulb mold thin film, heat 
treatment of 4 hours was performed at 260 degrees C, impressing the magnetic field of 200 (Oe). 

[0216] In addition, in the experiment, the 1st fixed magnetic layer (under P1 ) formed below the 
free magnetic layer was fixed by 25A, the thickness of the 1st fixed magnetic layer (on PI ) 
formed above the free magnetic layer was changed, and it investigated about the thickness of 
said 1st fixed magnetic layer (on P1 ), and relation with a switched connection field (Hex). 
Moreover, the 1st fixed magnetic layer (on P1 ) formed above the free magnetic layer was fixed 
by 25A, the thickness of the 1st fixed magnetic layer (under P1 ) formed below the free magnetic 
layer was changed, and it investigated about the relation between the thickness of said 1st fixed 
magnetic layer (under P1 ), and a switched connection field; 

[0217] Although the switched connection field becomes large gradually if the 1st fixed magnetic 
layer (under P1 ) is fixed by 25A and the thickness of the 1st fixed magnetic layer (on P1 ) is 
brought close to 20A as shown in drawing 18 If the^ thickness of said 1st fixed magnetic layer (on 
P1 ) becomes about 18-22A, a switched connection field will fall rapidly for the reason 
mentioned above from becoming the almost same thickness as the thickness of the 2nd fixed 
magnetic layer (on P1 ). Moreover, when thickness of said 1st fixed magnetic layer (on P1 ) is 
gradually enlarged from 22A to 30A, it turns out gradually that a switched connection field falls. 
[0218] Moreover, if 25A (on P1 ) of 1st fixed magnetic layer is fixed by 7 and the thickness of 
the 1st fixed magnetic layer (under P1 ) is brought close to 20A as shown in drawing 1 8 , the 
switched connection field becomes large gradually, but if the thickness of said 1 st fixed magnetic 
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layer (under P1 ) becomes about 18-22A, the switched connection field will fall rapidly. 
Moreover, if thickness of said 1st fixed magnetic layer (under P1 ) is made larger than 22A, in a 
switched connection field, said thickness will become large to about 26A, but when said 
thickness is made into 26A or more, it turns out that a switched connection field falls. 
[0219] The switched connection field in the 1st fixed magnetic layer (on P1 ) at the time of 
making thickness of the 1st fixed magnetic layer (P1) into about 22A here, If the switched 
connection field in the 1st fixed magnetic layer (under P1 ) is compared Compared with the case 
where the direction at the time of making thickness of the 1st fixed magnetic layer (on P1 ) into 
about 22A makes the 1st fixed magnetic layer (under P1 ) about 22A, it turns out that a 
switched connection field can be enlarged. It is because a thermal diffusion layer is easy to be 
formed in the interface of the 1 st fixed magnetic layer (under PI ), and an antiferromagnetism 
layer as this was mentioned above, so the magnetic thickness of said 1st fixed magnetic layer 
becomes small substantially and it becomes almost comparable as the thickness of the 2nd fixed 
magnetic layer (under P2 ). 

[0220] As mentioned above, / (thickness of the 1st fixed magnetic layer (P1)) (thickness of the 
2nd fixed magnetic layer (P2)) which can acquire the switched connection field more than 500 
(Oe) by this invention by drawing 14 , drawing 16 , and the experimental result shown in drawing 
18 was investigated. In order to acquire the switched connection field more than 500 (Oe) when 
the 1st fixed magnetic layer (P1) is fixed to 20A as first shown in drawing 14 , it turns out that 
(thickness of 1st fixed magnetic layer (P1))/(thickness of the 2nd fixed magnetic layer (P2)) 
must be made into 0.91 or less [ 0.33 or more ] and 1.1 or more. In addition, the thickness of the 
2nd fixed magnetic layer at this time (P2) is within the limits of 10-60A (except for 18-22A). 
[0221] Next, in order to acquire the switched connection field more than 500 (Oe) when the 1st 
fixed magnetic layer (P1) is fixed to 40A as shown in drawing 14 „ it turns out that (thickness of 
1st fixed magnetic layer (P1))/(thickness of the 2nd fixed magnetic layer (P2)) must be made 
into 0.95 or less [ 0.57 or more ] and 4 or less [ 1.05 or more ]. In addition, the thickness of the 
2nd fixed magnetic layer at this time (P2) is within the limits of 10-60A (except for 38-42A). 
[0222] Next, in order to acquire the switched connection field more than 500 (Oe) when the 2nd 
fixed magnetic layer (P2) is fixed to 30A as shown in drawing 16 , it turns out that (thickness of 
1st fixed magnetic layer (P1))/(thickness of the 2nd fixed magnetic layer (P2)) must be made 
into 0.93 or less [ 0.33 or more ] and 2.33 or less [ 1.06 or more ]. In addition, the thickness of 
the 1st fixed magnetic layer at this time (P1) is within the limits of 10-70A (except for 28-32A). 
[0223] If it is in the case of a dual spin bulb mold thin film and or more 0.9 1.1 or less range is 
removed among the range of (thickness of 1st fixed magnetic layer (P1))/(thickness of the 2nd 
fixed magnetic layer (P2)) as furthermore shown in drawing 18 , it turns out that the switched 
connection field more than 500 (Oe) can be acquired. If the range of the largest thickness ratio 
that can obtain the switched connection more than 500 (Oe) here is taken, (thickness of 1st 
fixed magnetic layer (P1))/(thickness of the 2nd fixed magnetic layer (P2)) will become within the 
limits of 0.33 to 0.95, or 1 .05-4. However, since a switched connection field is one of the 
elements not only with a thickness ratio but the important thickness of the 1st fixed magnetic 
layer (P1) and the 2nd fixed magnetic layer (P2) Moreover, within the limits of the thickness ratio 
mentioned above, furthermore, the thickness of the 1st fixed magnetic layer (P1), and the 
thickness of the 2nd fixed magnetic layer (P2) If the absolute value which considered as within 
the limits of 10-70A, and lengthened the thickness of the 2nd fixed magnetic layer (P2) from the 
thickness of the 1st fixed magnetic layer (P1) is made into 2A or more, it will become possible to 
acquire the switched connection field more than 500 (Oe). 

[0224] Next, in this invention, / (thickness of the 1st fixed magnetic layer (P1)) (thickness of the 
2nd fixed magnetic layer (P2)) which can acquire the switched connection field more than 1000 
(Oe) was investigated. It is possible to acquire the switched connection field more than 1 000 
(Oe), if (thickness of 1st fixed magnetic layer (P1))/(thickness of the 2nd fixed magnetic layer 
(P2)) is made into 0.53 to 0.91 or 1.1 or more when the 1st fixed magnetic layer (P1) is made into 
20A, as first shown in drawing 1 4 . In addition, the thickness of the 2nd fixed magnetic layer at 
this time (P2) is within the limits of 10-38A (except for 18-22A). 

[0225] Moreover, if (thickness of 1st fixed magnetic layer (P1))/(thickness of the 2nd fixed 
magnetic layer (P2)) is carried out within the limits of 0.88 to 0.95, or 1.05-1.8 when the 1st fixed 
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magnetic layer (P1) is made into 40A as shown in drawing 14 , it is possible to acquire the 
switched connection field more than 1000 (Oe). In addition, the thickness of the 2nd fixed 
magnetic layer at this time (P2) is within the limits of 22-45A (except for 38-42A). 
[0226] It is possible to acquire the switched connection field more than 1 000 (Oe), if it is within 
the limits of 0.56 to 0.93, or 1.06-1.6 about (thickness of 1st fixed magnetic layer (P1))/ 
(thickness of the 2nd fixed magnetic layer (P2)) when the 2nd fixed magnetic layer (P2) is fixed 
to 30A, as furthermore shown in drawing 16 . In addition, the thickness of the 1st fixed magnetic 
layer at this time (P1) is within the limits of 10-50A (except for 28-32A). 

[0227] Moreover, if it is in the case of a dual spin bulb mold thin film and (thickness of 1st fixed 
magnetic layer (PI ))/(thickness of the 2nd fixed magnetic layer (P2)) is carried out within the 
limits of 0.5 to 0:9, or 1.1 to about 1.5 as shown in drawing 18 , it is possible to acquire the 
switched connection field more than 1 000 (Oe). Therefore, in order to acquire the switched 
connection field more than 1 000 (Oe) Thickness/(thickness of the 2nd fixed magnetic layer (P2)) 
of the 1st fixed magnetic layer (P1) It carries out within the limits of 0.53 to 0.95, or 1.05-1.8. 
Further the thickness of the 1st fixed magnetic layer (PI) and the 2nd fixed magnetic layer (P2) 
within the limits of 10-50A And it is desirable that the absolute value which lengthened the 
thickness of the 2nd fixed magnetic layer (P2) from the thickness of the 1 st fixed magnetic layer 
(P1) is 2A or more. In addition, if it is within the limits of the thickness ratio mentioned above 
and thickness as shown in drawing 15 and drawing 17 f it is possible for deltaMR not to fall so 
much, either but to obtain about 6% or more of deltaMR. It is [ whether the value of this deltaMR 
is comparable as deltaMR of the conventional spin bulb mold thin film (it restricts to a single spin 
bulb mold thin film), and ] a value low a little. 

[0228] Moreover, as shown in drawing 15 , when the 1st fixed magnetic layer (P1) is made into 
40A, compared with the case where the 2nd fixed magnetic layer (P1) is made into 20A, it turns 
out a little that deltaMR becomes small. Said 1st fixed magnetic layer (P1) is a layer which does 
not participate in deltaMR in fact, and the aforementioned deltaMR is determined by the relation 
between fixed magnetization of the 2nd fixed magnetic layer (P2), and fluctuation magnetization 
of a free magnetic layer. However, since a sense current flows also to the 1 st fixed magnetic 
layer (P1) which does not participate in deltaMR; the so-called shunt loss (splitting loss) occurs, 
and this shunt loss becomes so large that the thickness of the 1st fixed magnetic layer (P1) 
becomes thick. deltaMR tends to fall [ tend ], so that the thickness of the 1 st fixed magnetic 
layer (P1) becomes thick, since it is above. 

[0229] Next, it measured about a nonmagnetic interlayer's proper thickness formed between the 
1st fixed magnetic layer (P1) and the 2nd fixed magnetic layer (P2). In addition; for the 
experiment, two kinds of spin bulb mold thin films, the bottom mold with which the 
antiferromagnetism layer was formed below the free magnetic layer, and the top mold with which 
the antiferromagnetism layer was formed above the free magnetic layer, were manufactured, and 
it investigated about the relation between said nonmagnetic interlayer's thickness, and a 
switched connection field to it. The film configuration of the spin bulb mold thin film of the 
bottom mold used for the experiment From the bottom Si substrate / alumina / Ta (30) — 
/antiferromagnetism layer ;P They are Co(10)+NiFe(40) / Ta (30). tMn (200) / fixed magnetic 
layer [ of a 1st ]; — Co(20) / nonmagnetic interlayer; — Ru (X) / fixed magnetic layer [ of ** 
a 2nd ]; — Co(25) / nonmagnetic conductive layer; — Co(10) / free magnetic layer — The film 
configuration of the spin bulb mold thin film of a top mold From the bottom Si substrate / 
alumina / Ta (30) — /free magnetic layer; — NiFe(40)+Co(10) / nonmagnetic conductive layer; - 
- Cu (25) / fixed magnetic layer [ of ** a 2nd ]; — Co(25) / nonmagnetic interlayer; — Ru (X) / 
fixed magnetic layer [ of ** a 1st ]; — Co(20) / antiferromagnetism layer ;P It is tMn (200)/Ta 
(30). In addition, the numeric value in a parenthesis expresses thickness and a unit is angstrom. 
[0230] Moreover, heat treatment of 4 hours has been performed at 260 degrees C after forming 
each spin bulb mold thin film, impressing the magnetic field of 200 (Oe). The experimental result 
is shown in drawing 1 9 . As shown in drawing 19 , it turns out with a top mold and a bottom mold 
that the behavior of the switched connection field over the thickness of Ru film (nonmagnetic 
interlayer) differs greatly. Since the range which can acquire the switched connection field more 
than 500 (Oe) in this invention is made desirable, in the spin bulb mold thin film of a top mold, it 
turns out that the thickness of Ru film which can acquire the switched connection field more 
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than 500 (Oe) is within the limits of 2.5-6.4A or 6.6-1 0.7A. It is within the limits from which the 
switched connection field more than 1 000 (Oe) is acquired still more preferably, and if the 
thickness of said Ru film is ****ed within the limits of 2.8-6.2A or 6.8-1 0.3A, it turns out that 
the switched connection field more than 1000 (Oe) is acquired. 

[0231] Next, in the spin bulb mold thin film of a bottom mold, it turns out that the thickness of 
Ru film which can acquire the switched connection field more than 500 (Oe) is within the limits 
of 3.6-9.6A. Furthermore, it becomes possible to acquire the switched connection field within the 
limits of 4.0-9.4A, then more than 1000 (Oe). by the way, the switched connection field (RKKY 
interaction) on which that the range of fitness nonmagnetic interlayer thickness differs by the 
spin bulb mold thin film of a top mold and the spin bulb mold thin film of a bottom mold acts 
between the 1 st fixed magnetic layer and the 2nd fixed magnetic layer — relation with the 
lattice constant of the substrate film — or it is surmised that it is for reacting to the value 
change of the energy band of the conduction electron of a magnetic layer very sensitively. 
[0232] Next, in this invention, four kinds of spin bulb mold thin films (single spin bulb mold thin 
film) were manufactured, and it measured about the thickness of the antiferromagnetism layer 
(PtMn alloy) of each spin bulb mold thin film, and relation with a switched connection field. For 
examples 1 and 2, the spin bulb mold thin film by which the fixed magnetic layer was divided by 
two-layer [ of the 1st fixed magnetic layer and the 2nd fixed magnetic layer ] through the 
nonmagnetic middle class, and the examples 1 and 2 of a comparison are the spin bulb mold thin 
films of the conventional type with which the fixed magnetic layer was formed by the monolayer. 
[0233] The spin bulb mold thin film of an example 1 is the top mold with which the 
antiferromagnetism layer was formed in the bottom rather than the free magnetic layer first. A 
film configuration from the bottom Si substrate / alumina / Ta (30) — /free magnetic layer; — 
NiFe(40)+Co(10) / nonmagnetic conductive layer; — Cu (25) / fixed magnetic layer [ of ## a 
2nd ]; — Co(25) / nonmagnetic interlayer; — Ru (4) / fixed magnetic layer [ of a tst ]; — Co 
(20) / antiferromagnetism layer ;P They are tMn(X) / Ta (30). Moreover, the spin butb mold thin 
film of an example 2 is the bottom mold with which the antiferromagnetism layer was formed 
below the free magnetic layer. A film configuration from the bottom Si substrate / alumina / Ta 
(30) — /antiferromagnetism layer jP tMh (X) / fixed magnetic layer [ of a 1st ]; — Co(20) / 
nonmagnetic interlayer, — Ru (8) / fixed magnetic layer [ of ■** a 2nd ]; — Co(25) / nonmagnetic 
conductive layer; — Cu(25) / free magnetic layer; — they are Co(10)+NiFe(40) / Ta (30). 
[0234] Moreover, the spin bulb mold thin film of the example I of a comparison is the top mold 
with which the antiferromagnetism layer was formed in the bottom rather than the free magnetic 
layer, a film configuration — Si substrate [ from the bottom ] / alumina / Ta(30)/ — free — 
magnetic layer;NiFe(40)+Co(10) / nonmagnetic conductive layer;Cu(25) / fixed magnetic layer;Co 
(40) / antiferromagnetism layer ;P They are tMn(X) / Ta (30). Moreover, the spin bulb mold thin 
film of the example 2 of a comparison is the bottom mold with which the antiferromagnetism 
layer was formed in the bottom rather than the free magnetic layer, a film configuration — Si 
substrate / alumina / Ta(30) / antiferromagnetism layer from the bottom ;P tMn(X) / fixed 
magnetic layer; — Co(40) / nonmagnetic conductive layer; — Cu(25) / free magnetic layer; — 
they are Co(10)+NiFe(40) / Ta (30). In addition, in the film configuration of each spin bulb mold 
thin film, the numeric value in a parenthesis shows thickness, and a unit is angstrom. 
[0235] Furthermore by this invention, heat treatment of 4 hours has been performed at 260 
degrees C after membrane formation of a spin bulb mold thin film, impressing the magnetic field 
of 2k (Oe), if it is in examples 1 and 2, and it is in the magnetic field of 200 (Oe), and the 
examples 1 and 2 of a comparison. The experimental result is shown in drawing 20 . 
[0236] As shown in drawin g 20 , when all of four kinds of spin bulb mold thin films thicken 
thickness of a PtMn alloy shows that a switched connection field can be enlarged. By this 
invention, since the range which can acquire the switched connection field more than 500 (Oe) is 
made into the desirable range, if thickness of a PtMn alloy is not formed by at least 200A or 
more, in both the examples 1 and 2 of a comparison, it turns out that the switched connection 
field more than 500 (Oe) cannot be acquired here. On the other hand, if thickness of a PtMn 
alloy is made into 90A or more in examples 1 and 2, it turns out that it is possible to acquire the 
switched connection field more than 500 (Oe). So, in this invention, the range of the desirable 
thickness of a PtMn alloy is set up within the limits of 90-200A. 
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[0237] If thickness of the PtMn alloy of examples 1 and 2 is made into 100A or more as 
furthermore shown in drawing 20 , it turns out that it is possible to acquire the switched 
connection field more than at least 1000 (Oe). So, in this invention, the thickness of a PtMn alloy 
also with a desirable twist is set up within the limits of 100-200A. 

[0238] Next, in this invention, two kinds of dual spin bulb mold thin films were manufactured, and 
it measured about the thickness of the antiferromagnetism layer (PtMn alloy) in each spin bulb 
mold thin film, and relation with a switched connection field. The dual spin bulb mold thin film of 
this invention which the fixed magnetic layer divided the example through the nonmagnetic 
interlayer to two-layer [ of the 1st fixed magnetic layer and the 2nd fixed magnetic layer ], and 
was formed, and the example of a comparison are the conventional dual spin bulb mold thin films 
in which the fixed magnetic layer was formed by the monolayer. 

[0239] First the film configuration in the spin bulb mold thin film of an example From the bottom 
Si substrate / alumina / Ta (30) /antiferromagnetism layer ;P tMn (x) — / — fixed magnetic 
layer [ of a 1st ]; — Co (20) — /nonmagnetic interlayer; — Ru (6) — / — fixed magnetic 
layer [ of a 2nd-]; — Co (25) — /nonmagnetic conductive layer; — Cu (20) — /free magnetic 
layer; — Co(10)+NiFe(40)+Co(10) / nonmagnetic conductive layer; — Cu (20) / fixed magnetic 
layer [ of ** a 2nd ]; — Co(20) / nonmagnetic interlayer; — Ru (8) / fixed magnetic layer [ of 
a 1 st ]; — Co(25) / antiferromagnetism layer ;P They are tMn(X) / Ta (30). The film 
configuration in the spin bulb mold thin film of the example of a comparison From the bottom Si 
substrate / alumina / Ta (30) /antiferromagnetism layer ;P tMn (X) — /fixed magnetic layer; — 
Co(30) / nonmagnetic conductive layer; — Cu(20) / free magnetic layer; — Co(10)+NiFe(40)+Co 
(10) / nonmagnetic conductive layer; — Cu(20) / fixed magnetic layer; — Co(30) / 
antiferromagnetism layer ;P They are tMn(X) / Ta (30). In addition, the numeric value in the 
parenthesis in the film configuration of each spin bulb mold thin film shows thickness, and a unit 
is angstrom. 

[0240] Moreover, heat treatment of 4 hours has been performed at 260 degrees C, impressing 
the magnetic field of 200 (Oe) in the example after forming, each spin bulb mold thin film, and 
impressing the magnetic field of 2k (Oe) in the example of a comparison. The experimental result 
is shown in drawing 21 . As shown in drawing 21 , if thickness of a PtMn alloy is not formed by 
about 200A or more, in the example of a comparison, it turns out that the switched connection 
field more than 500 (Oe) cannot be acquired. On the other hand, in the example, if the thickness 
of a PtMn alloy is formed by 100A or more, it turns out that the switched connection field more 
than 500 (Oe) can be acquired. So, in this invention, the thickness of a desirable 
antiferromagnetism layer is set up within the limits of 100-200A. Furthermore, in the example, if 
the thickness of a PtMn alloy is formed by 1 10A or more, since it is possible to acquire the 
switched connection field more than 1 000 (Oe), by this invention, the thickness of a more 
desirable antiferromagnetism layer has been set up within the limits of 1 10-200A. 
[0241] Moreover, drawing 22 is a graph which shows the thickness of a PtMn alloy, and relation 
with deltaMR. As shown in drawing 22 , in the example of a comparison, if the thickness of a 
PtMn alloy is formed by 200A or more, it is possible to obtain about 10% or more of deltaMR, but 
even if it makes thickness of a PtMn alloy thin at about 100A, in an example, it turns out that 
deltaMR of almost same extent as the former is securable. 

[0242] By the way, the thickness of an antiferromagnetism layer is the thickest among the 
cascade screens in a spin bulb mold thin film. For this reason, according to this invention, as 
shown in drawing 20 and drawing 21 , even if it makes thickness of said antiferromagnetism layer 
thin and specifically forms below in one half of the thickness of the antiferromagnetism layer of 
the conventional spin bulb mold thin film, it is possible to acquire a large switched connection 
field. For this reason, in this invention, as thickness of the whole spin bulb mold thin film can be 
made thin and it is shown in drawin g 13 , even if it makes thick enough to extent which can 
secure insulation thickness of the gap layer 121,125 in which said spin bulb mold thin film 122 is 
formed up and down, gap length Gl can be made small and narrow gap-ization can be realized. 
[0243] Next, the spin bulb mold thin film in this invention which divided and formed the free 
magnetic layer in two-layer [ of the 1st free magnetic layer and the 2nd free magnetic layer ] 
through the nonmagnetic interlayer was manufactured, and it measured about the relation 
between the thickness ratio of said 1 st free magnetic layer and the 2nd free magnetic layer, and 
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a switched connection field. First, the thickness of the 1st free magnetic layer (free magnetic 
layer of the side which touches a nonmagnetic conductive layer and participates in deltaMR 
directly) was fixed by 50A, and the thickness of the 2nd free magnetic layer (free magnetic layer 
of the side which does not participate in deltaMR directly) was changed. A film configuration 
from the bottom Si substrate / alumina / Ta (30) — / — free magnetic layer [ of a 2nd ] (F2); 
— NiFe(X) / nonmagnetic interlayer; — Ru (8) / free magnetic layer [ of a 1st ] (F1); — NiFe 
(40)+Co(10) / nonmagnetic conductive layer; — Cu(20) / Ru(8) / antiferromagnetism layer ;P It 
is tMn (150)/Ta (30). The numeric value in the parenthesis in each class shows thickness, and a 
unit is angstrom. In addition, heat treatment of 4 hours has been performed at 260 degrees C 
after forming a spin bulb mold thin film, impressing the magnetic field of 200 (Oe). 
[0244] As shown in drawing 23 , when the thickness of the 2nd free magnetic layer (F2) becomes 
large to about 40A, it turns out that a switched connection field becomes large. Moreover, when 
the thickness of said 2nd free magnetic layer (F2) becomes 60A or more, it turns out that a 
gradual switched connection field falls. 

[0245] The switched connection field was not able to become it small rapidly that it was within 
the limits whose thickness of said 2nd free magnetic layer (F2) is 40-60A, and it was not able to 
measure. Since the cause becomes the value with almost same thickness (= 50A) of the 1 st free 
magnetic layer (F1) and thickness of the 2nd free magnetic layer, The magnetic moment of said 
1st free magnetic layer (F1) and the 2nd free magnetic layer (F2) becomes almost the same, and 
magnetization of said 1st free magnetic layer (F1) and magnetization of the 2nd free magnetic 
layer (F2) make both the other side in the direction of an impression magnetic field to an 
impression magnetic field. Although a switched connection field (RKKY interaction) tends to 
occur between the 1st free magnetic layer (Fl) and the 2nd free magnetic layer (F2) and 
magnetization of said 1st free magnetic layer (Fl) and magnetization of the 2nd free magnetic 
layer (F2) tend to be in the condition of anti-parallel if the values of the magnetic moment differ 
As mentioned above, in order that magnetization of said 1st free magnetic layer (F1) and 
magnetization of the 2nd free magnetic layer (F2) may make both the other side in the same 
direction, The magnetization condition of said 1st free magnetic layer (Fl) and the 2nd free 
magnetic layer (F2) is destabilized, it becomes impossible to control whenever [ angular 
relation / of fluctuation magnetization of said 2nd free magnetic layer (F2), and fixed 
magnetization of a fixed magnetic layer (1st fixed magnetic layer) ], and deltaMR falls rapidly so 
that it may mention later. 

[0246] Since the range which can acquire the switched connection field more than 500 (Oe) in 
this invention is set as the desirable range, if (thickness of 1st free magnetic layer (F1))/ 
(thickness of the 2nd free magnetic layer (F2)) is formed within the limits of 0.56 to 0.83, or 
1.25-5 as shown in drawing 23 , it turns out that the switched connection field more than 500 
(Oe) can be acquired. If the above (thickness of the 1st free magnetic layer (F1) / thickness of 
the 2nd free magnetic layer (F2)) is formed within the limits of 0.61 to 0.83, or 1.25-2.1, the 
switched connection field more than 1 000 (Oe) can be acquired, and it is more more desirable 
still. 

[0247] Next, in this invention, the spin bulb mold thin film in this invention which divided and 
formed the free magnetic layer in two-layer [ of the 1st free magnetic layer and the 2nd free 
magnetic layer ] through the nonmagnetic interlayer was manufactured, and it measured about 
the relation between the thickness ratio of said 1 st free magnetic layer and the 2nd free 
magnetic layer, and deltaMR. First, the 2nd free magnetic layer (free magnetic layer of the side 
which does not participate in deltaMR directly) was fixed by 20A, and the thickness of the 1st 
free magnetic layer (free magnetic layer of the side which touches a nonmagnetic conductive 
layer and participates in deltaMR directly) was changed. A film configuration from the bottom Si 
substrate / alumina / Ta (30) — /— free magnetic layer [ of ** a 2nd ]; — NiFe (20) — 
/nonmagnetic interlayer; — Ru (8) — / — free magnetic layer [ of a 1st ]; — NiFe(X)+Co 
(10) / nonmagnetic conductive layer; — Cu (20) / fixed magnetic layer [ of ** a 1st ]; — Co 
(25) / nonmagnetic interlayer; — Ru (8) / fixed magnetic layer [ of ** a 2nd ]; — Co(20) / 
antiferromagnetism layer ;P They are tMn(15) / Ta (30). The numeric value in the parenthesis in 
each class shows thickness, and a unit is angstrom. 

[0248] In addition, by this invention, after forming a spin bulb mold thin film, the magnetic field of 
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200 (Oe) was impressed and heat treatment of 4 hours has been performed at 260 degrees C. 
Moreover, in this invention, the 1 st free magnetic layer is formed by two-layer, and is changing 
the thickness of the NiFe film so that the above-mentioned film configuration may be seen and 
may be known, the axis of abscissa shown in drawing 24 although the experimental result is 
shown in drawing 24 — the thickness of a NiFe alloy, and the thickness (= 10A) of Co film — a 
guide peg — it is the thickness of free magnetic layer synthesis of the bottom 1st. 
[0249] Since the thickness of the 1st free magnetic layer (F1) will become almost comparable as 
the thickness of the 2nd free magnetic layer (F2) if it approaches 20A as shown in drawin g 2 4 , it 
turns out that deltaMR falls rapidly. Moreover, if the thickness of the 1st free magnetic layer (F1) 
becomes about 30A or more as shown in drawing 24, it is possible for deltaMR to go up and to 
obtain deltaMR comparable as the conventional spin bulb mold thin film (single spin bulb mold 
thin film). 

[0250] By the way, if the range (thickness of the 1st free magnetic layer (FD) of / (thickness of 
the 2nd free magnetic layer (F2)) which can acquire the switched connection field more than 500 
(Oe) drawn from drawing 23 is expressed on drawing 24 If thickness/(thickness of the 2nd free 
magnetic layer (F2)) of the 1st free magnetic layer (F1) is **##ed within the limits of 1.25-5, it is 
possible to obtain high deltaMR. 

[0251] Next, in this invention, the thickness of the nonmagnetic interlayer who intervenes 
between the 1st free magnetic layer and the 2nd free magnetic layer was changed, and it 
measured- about the relation between said nonmagnetic interlayer' s thickness, and a switched 
connection field. The film configuration of the spin bulb mold thin film (dual spin bulb mold thin 
film) used for the experiment from the bottom Si substrate / alumina / Ta 
(30) /antiferromagnetism layer ;P tMn (150) /Ru (6) — /nonmagnetic conductive layer; — Cu 
(20) — / — free magnetic layer [ of a 1st ]; — Co(10)+NiFe(50) / nonmagnetic interlayer; — 
Ru (X) / free magnetic layer [ of a 1st ]; — NiFe(30)+Co(10) / nonmagnetic conductive layer; 
— Cu(20) / Ru(8) / antiferromagnetism layer ;P It is tMn (150)/Ta (30). The numeric value in the 
parenthesis in each class expresses thickness, and a unit is angstrom. 
[0252] In addition, by this invention, heat treatment of 4 hours has been performed at 260 
degrees C after forming a spin bulb mold thin film, impressing the magnetic field of 200 (Oe). The 
experimental result is shown in drawing 20 . As shown in drawing 20 , in order to acquire the 
switched connection field more than 500 (Oe), it turns out that what is necessary is just to form 
the thickness of Ru film within the limits of 5.5-1 0.0A. Moreover, in order to acquire the switched 
connection field more than 1 000 (Oe), it turns out that what is necessary is just to form the 
thickness of Ru film within the limits of 5.9-9.4A. 
[0253] 

[Effect of the Invention] According to this invention explained in full detail above, a fixed 
magnetic layer is divided and formed in two-layer [ of the 1 st fixed magnetic layer and the 2nd 
fixed magnetic layer ] through a nonmagnetic interlayer. If magnetization of said 1st fixed 
magnetic layer and magnetization of the 2nd fixed magnetic layer are changed into an anti- 
parallel condition by the switched connection field (RKKY interaction) generated between said 
1st fixed magnetic layer and the 2nd fixed magnetic layer, it is possible to maintain the 
magnetization condition of said fixed magnetic layer at the condition of having been stabilized 
very much. It is possible for the magnetization condition of said 1st fixed magnetic layer and the 
2nd fixed magnetic layer to be stabilized still more nearly thermally by making in agreement the 
direction of the synthetic magnetic moment which adds the direction of the sense current field 
formed by especially passing a sense current by this invention, and the magnetic moment of the 
1st fixed magnetic layer and the magnetic moment of the 2nd fixed magnetic layer, and can 
search for it. 

[0254] In addition, in order to be able to apply it even if control of this direction of a sense 
current is the case where what kind of antiferromagnetism ingredient is used for an 
antiferromagnetism layer, for example, to generate a switched connection field (exchange 
anisotropy field) in the interface of an antiferromagnetism layer and a fixed magnetic layer (1st 
fixed magnetic layer), it does not ask whether heat treatment is required or it is not required. 
Furthermore, like before, even if it is the case of the single spin bulb mold thin film in which the 
fixed magnetic layer was formed by the monolayer, it is possible to stabilize magnetization of 
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said fixed magnetic layer thermally by making in agreement the direction of the sense current 
field formed by passing the sense current mentioned above, and the magnetization direction of a 
fixed magnetic layer. Moreover, it is possible by adjusting the thickness ratio of said 1st fixed 
magnetic layer and the 2nd fixed magnetic layer, and thickness within fitness limits in this 
invention the switched connection field more than 500 (Oe) and to acquire the switched 
connection field more than 1000 (Oe) still more preferably. 

[0255] Moreover, when the nonmagnetic interlayer who intervenes between said 1st fixed 
magnetic layer and the 2nd fixed magnetic layer is formed by Ru, Rh, Ir, Cr, Re, Cu, etc. and said 
nonmagnetic interlayer is further formed above a free magnetic layer in this invention, By the 
case where a nonmagnetic interlayer is formed in the bottom, by adjusting said nonmagnetic 
interlayer s thickness within fitness limits, the switched connection field more than 500 (Oe) can 
be acquired, and the switched connection field more than 1 000 (Oe) can be acquired more 
preferably. The switched connection field (exchange anisotropy field) which blocking temperature 
is high as an antiferromagnetism layer, and is furthermore generated in this invention according 
to an interface with a fixed magnetic layer (1 st fixed magnetic layer) is large, and the PtMn alloy 
is used as an antiferromagnetism ingredient which was moreover excellent in corrosion 
resistance. Or you may form by X-Mn (however, X is any one sort or two sorts or more of 
elements of Pd, Ir, Rh, and Ru), and Pt-Mn-X' (however, X 1 is any one sort or two sorts or more 
of elements of Pd, Ir, Rh, Ru, Au, and Ag). 

[0256] Like this invention, by the case where a fixed magnetic layer is divided to two-layer [ of 
the 1st fixed magnetic layer and the 2nd fixed magnetic layer ], even if it forms the thickness of 
said antiferromagnetism layer by the thickness of one half extent of the conventional 
antiferromagnetism layer, the switched connection field more than 500 (Oe) can be acquired, and 
the switched connection field more than 1000 (Oe) can be acquired more preferably. It is 
desirable for a free magnetic layer to be divided by the 1st free magnetic layer and the 2nd free 
magnetic layer through a nonmagnetic interlayer like a fixed magnetic layer, and to be formed 
furthermore, by this invention. A switched connection field (RKKY interaction) occurs between 
the 1 st free magnetic layer and the 2nd free magnetic layer, an anti— parallel condition is 
magnetized and magnetization of said 1 st free magnetic layer and magnetization of the 2nd free 
magnetic layer can be reversed now with sufficient sensibility to an external magnetic field. 
[0257] Moreover, in this invention, the thickness ratio of said 1st free magnetic layer and the 2nd 
free magnetic layer is formed within proper limits. If the nonmagnetic interlayer who furthermore 
intervenes between said 1st free magnetic layer and the 2nd free magnetic layer is formed by Ru 
film etc. and said nonmagnetic interlayer's thickness is formed within fitness limits It is possible 
to acquire the switched connection field more than 500 (Oe), and the switched connection field 
more than 1000 (Oe) can be acquired more preferably. 

[0258] When the antiferromagnetism layer which needs heat treatment in an interface with the 
1st fixed magnetic layer is furthermore used according to this invention By adjusting the size of 
the magnetic moment of the 1st fixed magnetic layer, and the magnetic moment of the 2nd fixed 
magnetic layer proper, and adjusting the direction of the magnetic field further impressed during 
said heat treatment, and its magnitude proper It can turn in the direction to turn magnetization 
of the 1st fixed magnetic layer to, and it is possible to control magnetization of said 1 st fixed 
magnetic layer and magnetization of the 2nd fixed magnetic layer proper in the anti-parallel 
condition moreover. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.##** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] The cross-sectional view of the spin bulb mold thin film of the 1 st operation gestalt 
in this invention, 

[Drawing 2] The sectional view which looked at the spin bulb mold thin film shown in drawing 1 
from the opposed face side with a record medium, 

[Drawing 3] The cross-sectional view of the spin bulb mold thin film of the 2nd operation gestalt 
in this invention, 

[Drawing 4] The sectional view which looked at the spin bulb mold thin film shown in drawing 3 
from the opposed face side with a record medium, 

[Drawing 5] The cross-sectional view of the spin bulb mold thin film of the 3rd operation gestalt 
in this invention, 

[Drawing 6] The sectional view which looked at the spin bulb mold thin film shown in drawing 5 
from the opposed face side with a record medium, 

[Drawing 7] The cross-sectional view of the spin bulb mold thin film of the 4th operation gestalt 
in this invention, 

[Dr awin g 8] The sectional view which looked at the spin bulb mold thin film shown in dr awin g 7 
from the opposed face side with a record medium, 

[Drawing 9] The cross-sectional view of the spin bulb mold thin film of the 5th operation gestalt 
in this invention, 

[Drawing 101 The sectional view which looked at the spin bulb mold thin film shown in drawing 9 
from the opposed face side with a record medium, 

[Drawing 1 1] The cross-sectional view of the spin bulb mold thin film of the 6th operation gestalt 
in this invention, 

[D raw ing 1 2] The sectional view which looked at the spin bulb mold thin film shown in drawjngj_l. 
from the opposed face side with a record medium, 

[Drawing 13] The sectional view which saw the read-out head (reproducing head) from the 
opposed face with a record medium, 

[Drawing 14] The graph which indicates relation with a switched connection field (Hex) to be the 
thickness of the 2nd fixed magnetic layer (P2) at the time of fixing the thickness of the 1st fixed 
magnetic layer (P1) by 20 or 40A, and relation with a switched connection field and (thickness of 
the 1st fixed magnetic layer (P1))/(thickness of the 2nd fixed magnetic layer (P2)), 
[ Drawing 1 5] The graph which shows the thickness of the 2nd fixed magnetic layer (P2) at the 
time of fixing the thickness of the 1st fixed magnetic layer (P1) by 20 or 40A, and relation with 
deltaMR (%), 

[Drawing 1 6] The graph which shows the thickness of the 1st fixed magnetic layer (P1) at the 
time of fixing the 2nd fixed magnetic layer (P2) by 30A, relation with a switched connection field, 
and (thickness of the 1st fixed magnetic layer (P1)) the relation between / (thickness of the 2nd 
fixed magnetic layer (P2)), and a switched connection field (Hex), 

[Drawing 1 7] The graph which shows the thickness of the 1st fixed magnetic layer (P1) at the 
time of fixing the 2nd fixed magnetic layer (P2) by 30A, and relation with deltaMR (%), 
[Drawing 18] In a dual spin bulb mold thin film The relation between the thickness of the 1st 
fixed magnetic layer (above) and the thickness of the 1st fixed magnetic layer (below), and a 
switched connection field (Hex), The graph which, furthermore (thickness of the 1 st fixed 
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magnetic layer (on P1 )), shows the relation between/(thickness of the 2nd fixed magnetic layer 
(on P2 )) and (thickness of the 1st fixed magnetic layer (under P1 ))/(thickness of the 2nd fixed 
magnetic layer (under P2)) f and a switched connection field (Hex), 

[Drawing 19] The graph which shows the relation of the thickness of Ru (nonmagnetic interlayer) 
and the switched connection field (Hex) which intervene between the 1 st fixed magnetic layer 
and the 2nd fixed magnetic layer, 

[Drawing 20] The graph which uses four kinds of spin bulb mold thin films, and shows the 
thickness of PtMn (antiferromagnetism layer) of each spin bulb mold thin film, and relation with a 
switched connection field (Hex), 

[Drawing 21] The graph which uses two kinds of dual spin bulb mold thin films, and shows the 
thickness of PtMn (antiferromagnetism layer) of each dual spin bulb mold thin film, and relation 
with a switched connection field (Hex), 

[Drawing 22] The graph which uses two kinds of dual spin bulb mold thin films, and shows the 
thickness of PtMn (antiferromagnetism layer) of each dual spin bulb mold thin film, and relation 
with deltaMR (%), 

[Drawing 23] The graph which shows the relation between the thickness of the 2nd free 
magnetic layer (F2), and a switched connection field (Hex), and (thickness of the 1 st free 
magnetic layer (F1)) the relation between / (thickness of the 2nd free magnetic layer (F2)), and a 
switched connection field (Hex) when the thickness of the 1st free magnetic layer (F1) is fixed 
by 50A, 

[Drawing 24] The graph which shows the thickness of the 1st free magnetic layer (F1) f relation 
with deltaMR (%), and (thickness of the 1st free magnetic layer (F1)) the relation between / 
(thickness of the 2nd free magnetic layer (F2)), and deltaMR (%) when the thickness of the 2nd 
free magnetic layer (F2) is fixed by 2QA, 

[Drawin g 25] The graph which shows the thickness of Ru (nonmagnetic interlayer) which 
intervenes between the 1st free magnetic layer (F1) and the 2nd free magnetic layer (F2), and 
relation with a switched connection field (Hex), 

[Drawing 26] The hysteresis loop in the spin bulb mold thin film in this invention, and the spin 
bulb mold thin film in the former, 

[Drawing 27] The graph which shows the relation of the environmental temperature (degree C) 

and the switched connection field (Hex) in each spin bulb mold thin film at the time of forming by 

FeMn when an antiferromagnetism layer is formed by PtMn and it forms by NiO, 

[Dj^wing_28l The cross-sectional view of the spin bulb mold thin film in the former, 

[Drawing 29] The sectional view which looked at the spin bulb mold thin film shown in drawing 28 

from the opposed face side with a record medium, 

[Description of Notations] 

10, 30, 50, 70, 91 Substrate layer 

1 1, 28, 31, 44, 51, 80, 92,108 Antiferromagnetism layer 

12, 27, 52, 79 1st fixed magnetic layer 

13, 26, 33, 42, 53, 59, 72, 78, 94,100,106 Nonmagnetic interlayer 

1 4, 25, 54, 77 2nd fixed magnetic layer 

15, 24, 35, 40, 55, 76, 96,104 Nonmagnetic conductive layer 

16, 21, 36 Free magnetic layer 

19, 29, 45, 61, 81,109 Protective layer 
32 93 1 st fixed magnetic layer (below) 
34 95 2nd fixed magnetic layer (below) 
41,105 2nd fixed magnetic layer (above) 
43,107 1st fixed magnetic layer (above) 
56 73,101 1st free magnetic layer 
60, 71, 97 2nd free magnetic layer 

62 82,130 Hard bias layer 

63 83,131 Conductive layer 

1 1 2, 1 1 3, 1 1 4 Sense current 
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t. C©S^Btt@<bftUT®fi£$n. WBS^Ktt^ 



( 4 ) 



ttffl 2000-0402 11 



»Asn*7'j-«ttitfe#u afiEB5£Bi4if©B 
^®<t; t xxr * > x a n * t e .t 

©M$ c i t jwfc? ««ftffitt*t»ui a ft* x tf >a' 

Jl>7SHMI**K:*iHT. MEB@8ttJltt. #Btt4> 
IHHS^LT. S^iSttgiC}g-rsS 1 ©BStBttl 

Wfsnx^anTiJO. iffiE-fe>xs8Ett. WKt> 

85Bj?-©?jiaj<i:. fftmmiomfem&mvmfa.'E-ty 
b (m^amitus -mmt) t. §§2©B£Btfiii©B 

[OOIO] *&*58EBTT»4, ttEXKWWT'fflWBI 
■ . £2ff)S&B&ll. #BftH^ll. &tf7'J-Btt 

2©B£Bffli©«at-*>h=fc9 : &*#^3-. W 

g i nwfcmtm/tm&'mm/i* z ©b^b^h© 

«»t»l«Sn*-t>X*8lH8*©*lfitt«. 8&E3gl tD 
B£Bftli©BSt-*> KW^ffltll-TjfSjtC&Si: 

[00 11] SUEXtfWN'^yilWR*^ 
14. K&Bttl. gioHftBttll. #(Ktl+r B 11, ft 
2©E£B14J1. UMBtt*«H. Rtf 7 'J — BttS**— 

B-fo^anfc^v^xtrww^sijSis*^* 

0. ttEftlOHJ&BttBOBSre-^r-a^OB 

£Bttl©Ba ; t-*>r-<fc0t>'ha^«£. *E-fc> 
XSSUi, irie-fe>xmSK^fiSTCtC<l:oT. mi© 
BfcBttH/KsBtt+IIIIJi/ft 2 ©B£Bttg©8S#lc 

»*an4-fe>x«««»o*iai**. MEft2a>B£B 

ftfc«*n**B*«»*. *fc*5WITH:. ttE7'J- 
Bftlte, #«tt«fWl*^LT2JIK»WSnT»J« 
SnTH*Ct*W*LK 3 SC. WB21t»W4 
ftt7'J-«ttHOIBlC»jSanT«r»5#«tt+ll(IJi 

«, Ru. Rh, Ir. Cr. Re. CuO^^llfe 

[0012] *&*«9ro4. »Exfcr>/w78!»R 
%<D#m&mmm<oT\zmm a ntm 2 ©b£b«-ji/ 



lanfcK&Bttl ££=rf St^l 7;UX £ >A*;l/7*gi 
«W*^T»0. ttE7U-B1tlI©±«K:«lianfc 
»l©BJ6Bttl4:W2 0>Bi6Bttl«£l«B**-.* 

ttl£»2©BSBttBa)£j«Bft i E-.*>h*<. 

cas*rai*K>inT*so, me* WE-t>x 

mfl&fciTfCtfCi^T. ft 1 ©B£Bf4H/#Btt+ 

rflg/m 2 ©B5£Bffli©gB#fc»i£aft3-fe >xmfit 
Bf?-©£iS]#. 7U-BttJf ©±Ttcffi^anfc£s£B 

[0013] trnvitTZLTJizvyrovymmmm? 

CfiHT. JWfr»&fti<0BSB1ti;fttfft2©BSB 

tt®©B^-/>h©>C#aHtCO^TH. 7'J-B 
itli 0 fc±«l;:»j«Sft&« 1 ©BlgBttJlWBat 
-*>htt7'J-BttM,fc0fc±«lC»lfcSftfcilf 2 0) 
B«Bttl©BJtfE-*>h<fc ■)*>**<, JLO. 7'J 
-Btt8«fc 0 tTfllC^anfe* 1 ©'B5£BttS©« 
St- * > r- tt 7 'J -Bit H J; 9 *> TWc Jfcsfc a ft fcft 
2 ©B5£Btt)f ©Bat-* » J; 0 fc/ha < f£-z>T& 
9. l^fc. 7ll-«ttB©±TK:J&>Eaftfcftl©@ 

7U-«ftJ§cfcD*>±flKc»BJcaftfc 
ft 1 ©BSBteJf ©Bat-* > H (47 U -BttJf «fc 0 

■b ±«tc»«sftfcft 2 ©B£Bttn©Bat-* > h 

ftfcft 1 ©B5tB14/§©Bat-* > M47 'J -BttS 

«t 0 fcTWcje^aftfeft 2 ©B56Bft!©Bat-* 

>r-«k9t>*ii?<&oT:feO. 7'J-BttJI© 
±rF\ZWl8.Ztltz'% 1 ©@5tBttlf ©@5£Bffc(4#f;:|s! 

[0 0 14] **W"Ctt. BfrlBS^B^^tt, P t Mn 
^TM$n5CtAWSl/K tSES3i 
Btt@«, X-Mn (fcfc'UXIt Pd. Ir, Rh. 

fctt. Pt-Mn-X' (fefe'UX' tt. Pd, I r. 
Rh, Ru, Au, AgO^-Ttl^ia*fctt2aUt± 

tt. «l©H«Bttl&W2<DH*«tt«®WK»*S 

n-5#Bi4*ra1)l«. Ru, Rh. I r. Cr, Re. 
Cu©^>^ ia»5Htt2ffl«±©^T?®«a*lT^ 

-5fc©t?*S. 

[0 0 15] *KWTt4, Xtf>A-JP7'S}$l8l8t : P£<8 



( b ) 



nm&wu-ununi 



KKYffi5ffr8) tt. 1 0 0 0 (Oe) 
(Oe) 2B©H^«tt®tt*^ 

*5D. C©E!IBttlfc*T*«©HJBBttlI <KT. 
*l©H3©»ttlii:WT) «> WIB5^«ttl<!:©^® 

«AtfB«ait#i:03*fiS*»6«n4*fl (A-f h* 

isj) tfis^A^a^sn*. cntc^o, iif2?fii©B£ 

BttJi4:*«tt«t , IBJi**UTaiSl-r*H3£«ttli (61 
T, »2©H*Bttli£*T) ©Kfttt. iftiesg 1 ©H 

*3BWCI4. R3IBttB/SB 1 ©HJfcBttH/* 

Ktt*HI®/l6 2 ©HJtBteH© 4 ®T«*/£-f <5 d t »c 
<t-5T, aSl©B£Jffl£B£ai2©@£BttE©«fl;# 

[0017] tcs-wMrctt. is;eMftn:icf#v), 

>xm«s©Ji»(Ccfc-5iis±#&o J . -fe>^m^fl8^ 
©«^c«toT, M§asn©B£Btti£jg2©B5£« 
tt»©mi5R**«T«jEfl:r*»n*«»s. sas-fe>x 
mwi. mi©@sasttit^2©asfiai4i©fiS{b^ 

|6]<!:£X-r*#r6] (7<J-«tt*©«ft3!F[aitW-* 

nwastu ^©-t:>xms5iB#i±. *i©B£«ttiB 

/*«tt+RIH/»2©H3t«ttH©SR»tC*5^T. S3 

iESi©a^«tts (**wim2©B£BttS) (Dm 

[0 0 18] fffljSbfcJ;?^ MEIIL©IB£Bttll© 

Sat- * > h i* 2 © B£«ttJl ©fiS^t- * > Mi 

H^IKttlWfiSfttm 2 ©@^mft®©lS{l:(iS¥fT^ 

« 1 ©H£BttJB£S§2 ©BJEfittllWBSre-.* > h 

©*£;*©ffiii££fi|fflLT. -t>X««E«iiE^:*|fiItC 

2©@it«tt^©fia{tttS8*. «s«fc±oft«i/fc*« 
;w7BBK*?ic&»t. * l ©B^fiStelf ©IKS* 

-*>ha«. ^2©a^fflH4@©K^ ; E-^>h«fc0t) 
Sgl©B£«ttJg©fi&Sa ; t-*>h<!:Sfl2 



j««g;t-.*>M±. mi©a3£Ktti©JKSL : t-^> 

ht|5l-^|6]tCr6)^T^S. 

[0 0 19] *LT#5Wmi. -t>7.«SitS:SSTC^ 
CfcoT. *l©H«BttJI/#Btt+IHl/*2©H 

£b&ji©ss#ic Bf&z -t >t. m^a#©^i6] t . 

S3l2^fiS^ ; &-/>N©^(Sjt^-ife-r-5<t3(c. ir 
>X**&8t1-#fil£IMEU Sgl©B£B14Ji<!:?(l2 
©^ffl«©«ftjK«*IRtttS3tLfctt«K:«-PC 

[0 0 2 0] $^>IC*^WC«, fa7;i'Xt:>A^y 

aiMMmciN»T, 7U-«ttn©±^«c»«*n* 

©BSKtiMtm 2 ©B^mitSWfiSm^-/ > 
HSU -tVX^SS^Sit-rctlCioT, 
C5±Tt*W5S6 1 ©H5£BttJB/#Btt+IHJI/S6 2 
©B^«tt«©»»tw^$4a5-fe >X^SSE«^©^[6j 

t. *ne&i«B«t-*>h©#i*ii:*-*atf. 

l:ioT, fgl©B£B14ll<i:Sg2©@5Sfi&£JI©fiB{t 

[00 2 1] ifc*58«Tll -fe>X««t£SitT#|6j© 
»JW©ffifC«'«r**« : tC±oT. SSlWBJaKttlltSg 
2 ©B£BttB©Bfc#!i©££tt£fl±3-ti-'0>3. 
1 lCR3£«ttJl<i:3S 1 ©BJtBtiilf <h©#ffi-C% 

lffl>£l,fc«kSI::E3IBtt®£©5?-Brf8£T 
(«»**tt«*) CfcoTJBlOBaS 
ffitt! ©fiBftte, *S-^*iailcB^$*15^» C©£ 
31 1 ©B508ttlf©BJ£B{bi<£ 

5. C©fc»6E!l«tt)Bt©»BfC*ifeT«21imi*« 

-m. *i©»fcBtti£©»src**^x**saB# 

Mn (XfiPd, I r. Rh, Ru) £&-S>P t-Mn 
-X' (X' fi. Pd. I r. Rh, Ru. Au, A 

[0 0 2 2] cn&E3l«tt#»tt. «**»6E!l«tt 

Wil/TffifflSnwSNiO, FeMn^Ni 

t*, E««tt*rfttuT«nfc»tte*i/Tt»*. 02 

*#«tt+M)B*^'L'TJB 1 ©B£fi&14H £312 ©B^ 
fiSttS© 2 >A-;uys 
»K#^t. B5£<Stt®Sr¥®T^fiEl/fe^*lci3(tS 
7, e>/^ySHWI*^ t©R-Hfl«-C*4. 
[0 0 2 3] *%WC*3tt-5Xtf>A'^ySP^ ; F© 
R«l£a. T*»6. S i SK/7JUS-t/Ta (3 0) 



»BB200O-04O211 



/Mlti;PtMn (2 0 0) /SlOMft 
1 ; Co (2 5) /#«tt+BHIi ; Ru (7) /%2<D 

mm&m ;co (20) /cu (20) /co (1 

0) /NiFe (40) /Ta (3 0) 

\WgL/T)\,*-*/1* (3 0) /K»attJi;PtM 
n (3 0 0) /HSBttH ; Co (2 5) /Cu (2 
0) /Co (10) /NiFe (4 0) /Ta (3 0) 

xe>/W7ffl»R*^*IC* *R«. 2 0 0 (Oe) 

0>B**8HJIlL&a«S, 2 6 ox:-c4m^o)f^Mm^m 

[0 0 2 4] m2 6{Z^t£o\Z, *«MtC*W5Xt; 
W^7HB*fWAMR (JStrE^ffc^) tt, g*ffl 

(Hex) 

[0 0 2 5] @2 6tC^-f «*IC*W-SXe> 
/Wr/fflWRJlH^fcL g^AMR^ &8%T&0> 

(Hex) ) tt, IB*MiTi»9 0 0 (Oe) TWCt 

ctuc&u *§ewfcfeW5xtr>A^^ffl 

WRX^Ttt. i*AMR*, »7. 5%T*0, «¥* 

t*0^aai?- ««ms#b# (Hex) ) *6*mi 

T«2 8 0 0 (Oe) ttfcfctt^T***:** 

[0 0 2 6] C<D£oiZ, ®jzm&m$:2mizftmLfz 
£BftH£ i »T»j«Lifcfiyw>x e >/w:/g*R* 

^(Cit^T, #&M$mR (Hex) 
£ZZttfit)&Z>. *tAMRlCOtriTfe*5SWTtt«e 

[0 0 2 71 ^JCH2 7tt, 4«S(0Xfcr>A;^S» 

^t^77T*§, *TffifflT*i8B<&xe>A*;u:/ 
■SWRfc^toL S»«ttHlCP t Mn$4*fflK B£ 

»R*^T*0* RttrttbTtt. T*>&* S iSffi/ 
7^5*/Ta (3 0) /ra«M;PtMn (2 0 
0) /SB1 ©HjaHttB ; C o (2 5) /#Btt+B 

H; Ru (7) /SH2CD@5£Btt]g ; Co (2 0) /C 



(3 0) T&3„ 2«Sitt, K&BttStCP tMn£ 

0, iMilTd T^S* S iSK/7;Rt/T 
a (3 0) /ESHKI4J1 ; P.tMn (3 0 0) /H5fe« 
ttI;Co (2 5) /Cu (2 5) /Co (10) /N 
iFe (70) /Ta (30) 3fflgi§te, R 

BBttJBfcN lOSttfflU HS«ttli**«T»*b 
fc«*«2T*0, RUMEiLTWU T^b, SiM 
/T^^/E&BttB ; N i O (5 0 0) /@£Btt 
l;Co (25) /Cu (25) /Co (10) /Ni 
Fe (7 0) /Ta (3 0) T&£o 4Hg|@te, E& 
IttllCFeMn^SttfflU ©£Bt4H £mgT^ 

«Lfcae*«3T*o, R«rictLT«, T**e>, si 

M/7J^t/Ta (3 0) /NiFe (7 0) /C 
o (1 0) /Cu (2 5) /g£Bt£H ; Co (2 5) 
/J£5£Btt/f ; FeMn (15 0) /Ta (3 0) 

&*s. ±5fiUfc4«s±T<7)R«fiEa)}saiirt<7)Skfl[ 

ttRJPS^l/TMsO, *feti^>yx hn-AT&£ 0 

[0 0 2 8] *fcK3S«ttBtCP tMnSffl^fc*55M 
Rt«JE*«lTtt, £R& 2 0 0 (Oe) c7>Big£EP 

anuses 2 6 o^-c 4mmoyfmm^mLx^^ * 

fc, ESSBttHtCN i O, FeMn£ttffiLfc«*« 
2, 3Tttl«R«, jlMSg«*bTlr>&^. 
[0 0 2 9] 0 2 7 \Z7K?£olZ*%miZ&ttZ>X)£> 
/W^fflWRfc^Wi, »«HaS3fif«tt2 0 , C©<!;*SE« 
(Hex) (4^2 5 0 0 (Oe) 

iO£ffl^fc«£#W2, XtfE3SfittHK:FeMn£ffl 

(Hex) jW»5 0 0 (Oe) KTtflK^^T^ 

■■c*fiELfca*«nc*oTtt. w*fi«a*»2 or 

T1 0 0 0 (Oe) aK0DS£«iB^B»«r**UT*5 
0, E&Bfflf JCN i O «¥##J2) , FeMn 

[0 0 3 0] «H»¥9-1 6 9 2 0%^t(i, £&B 
ttlKN lOSttffiU B£BttH£#B1i^nA«r^ 
LT2RT»J«LfcXfcr>A;pyH»R* : F<Z)R-Hffl 
»#H8KiR;5ttT^£o &«<7>H8lCcfc*ltf, 60 0 

(Oe) <0X8M6£fi# (Hex) *»eft«tUT^ 
C<7)Ktttt, &&BttJifCP t Mn^ML, m 
SBttR**IBT»l«l/fc«#OX«li&BI!t (ttl 0 
0 0 (Oe) ;fiE*«l) fcJt^Tffi^CtjWD^*. 

EBBttRfcN i OSttWLfcS^lCfcoT 
14. H«Bttfl«2IHl;:#WrU ttE2Ba)a£Bttfil 
OBfcS^xUttRKLTfc* E&BttlS (CP t Mn £ 
ttHU £oHSBttHSiWB-C»*"r««&J:0'b, 
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£#5 Z t*fC**^T?ff S L^tt)frZ. 
[0 0 3 1] Sfe0 2 7\ZHiTJ:5\Z. R&ffittHtCN 
IO**t»ttFeMn*ftS«fll/tlH. 
ft 2 0 OTCfcftSi. gfttS^BftflO (Oe) (Cfto 
T L 3: 5 d Cfttt. BOffiN i O&tfFeM 

n©^D7 + >W«2 0 OteflEtftt»fc»-C* 

5fcfl»i 1 SB&fi&tfiKF 4 0 CCdft-^T. 
fiBIWO (Oe) C/i^T*0, SJgPtMn^44ffi 

tzVtmiZ&TZZttftifrZ. 

[0032] zfny*r>?&m\-s.K&m&mtLTmm 

Sn-StfRCXEan*©"?, 02 7 iZ7jk-r*%9HZ& 

ft5<h. XlMS&lKJMiO (Oe) ICft5<t#Abft-5 
*«, JfcfgWCJ^fcRfaBttJiKP tMn^MtfflL 
fc»£-T?tt, N i Oftt"IClfc^iiS^:/a>y 
»a:i£a«IIIBT*0. L4>fcB£ttttj|€2j|fc:#0r 

LTida 2 g©@;fc«tt!©fi8{i:£: 7 x «j tf&ictn 
tf. :/o y*>y««k:Sdjtr4*Tfo|BUc##ic** 
n5£*IS^«**»*Ct*«T*. SflsB2Sco@^fi814 
H ©Bft;*t& tsfcfc b t«o Ztt^mt 
ft3. 

[0 0 3 3] ££#%W-mmi©@£«ttlIi:!g2<Z) 
T. Ru. Rh. Ir. Cr. Re, Cu©^l|$i 

±«C»dESn5«^tT^AT*0. illEftiSB 
rt«)IWTr»E*«tt+llIl*»J«T*wtK:J:0. 52 
£«S£fiB# (Hex) ***<T*C£a«'T?**. ft* 

[0 0 3 4] S&K*»WfcJ:ftrt. B5gfiBteJI£21 

&&m&momm&m< uTfc**^saMs^«* (h 

ex) S^SCttfWtrCi&O. XKWWyaHWIJK 

±M\ZMfS.Ztltz* J r V/mX-COfem. TftfcS** 

[0 0 3 5] tZ*>-Q*%W<D&o\Z. H£fi&f4lg£. 
HHBtt«»«|«li**M/T» 1 <D@!£«£ia fc* 2 ©B£GB 



2©a««tti©iw*wi;itr»ifir*<t v 

BJKHex). fttfAMR (ttftfcfc*) tfffttlcft 

m2©@^fiS14®i:©KJi5^D^JS-C^T-5i:. itf 
IBS 1 ©H3e«ttlitJB2©B3£«ttJBt©8Wt*IB«* 
gffi (7i'J«» iZf£Om<tZZ>tzlst)-X!$>Z>tmffl 
an, ffiaami©B£BttJI££2©@;£«fi:II©K{t: 

ttMWRW^-eft^fcaic, 7 u -Bttn©'£ijB 
[0 0 3 6] *-c-e**wett. nates i ©H^BttJi 

tSB2©HS«ttHt«Hi;iWC»)«-&i*. SftSffil 

n. |S|«rfwAMRS:a£*tl^eaSTS5<-r5C<!:^Bl 
tt£fto-0»-5. fti53gl©BSSB{!i:IIc!:Sg2©B5SB 

[0 0 3 7] £U:©J:3l;:*5Wmi, Bft8ttll££ 
Biff Pal ■ £fr 1 ©BJ&SttH i«l 2 ©B£Bf4 
■ ©2IBfc$MRU abfcR&BttSiLTP tMn£ 
*ft<£. l»Em©BJfcBttli£©JMBT**<r>X*IS 
£B# (I2«l**tt«*> *3H*t-*RaMBtt*m£tt 
ffl-r-SCtlCfc^T. Xt'>AW7*iy&l&3Sl^£#©£ 
SM8£fiB# (Hex) S^<TSCi:^, Si© 
@5£Btt!<!:. $2©H^ttJI©<Bft:&JRtt£&£lx 
fzfcW-ftVim (7iU«!8) Jcftocit^pIffitft^T 

[0 0 3 8] 4#(C*%WT«, -fe>X^«E£oit-r73|S]£ 

SiEft*iajt:$!lwr-5r«i:Jc<fc0, -fe>7.mtfE£8fiTc: 

t\Z&-3TM&2tlZ>-t>7>ntilBift<?>J5lPl£* SI© 
HSWtlOfiBffllt-^ > H 2 ©@£Btt!©B« 

*:-*>K©75|6]<h£-gca-e\ CtltCj;Cl. iDfflfE 
Sgl©B£Btfl£SI2©E£Bt4)f©B{b#!i£, & 

[0 0 3 9] 

[?g9i©l«6©J&ffi] HI 1©** 

®&<Dzz>/vv7-mmmm?zm&m&)iz7fiLtzmwi 
mm, h 2 »H i ©x e>;»7 , si»i« : f *es»# 

<h©#ffl35flto>6jlfcBrBB-e*5. C©7. £>A-;i/7* 

(MR'Vy H) *«MSnTlf»5. ft*H*IBS^ffl©SS 
Ksaa^y K©±C, ESffl©-f yVOy-'i HA* 

[0 0 4 0] iwHeiSSMBJa'V;/ KH. A-Fr^X^g 
HCKJt 6nfc»±SCX y© h U'- U >;/{IIiS3gBft 
£\ZWLrtZt\T, A-Hr-<Xirft£©E»B»*«klU 
•f**)©-?**. ft*. A-Hx^X^ftt'WlS^ES 



&IP!2000-04021 1 



[0 0 4 1] HI, 2fcs-rxtr>A^ys»«*- : F 
ebb&ii. Bfcm&m* #m&mmm, atx^u 

Taft£<D#Btt«RT»«SftfcT»il OTS^ 
01,2 TtefttjfSTift/f 1 0 <D±K, KBBttl 1 1 ** 

ii2»^ntt^. ^LTHitc^Tct^tcBfrE 

m 1 COB£BttH 1 2 0±Ktt#«tt+Hl 1 3 

[0 0 4 2] fftfSIB 1 <DB5£B£ 1 1 2 Rtf IB 2 <£>B£ 
ittI14(l ^tfCoI, NiFe^l CoNi 

snT^sct**ff*u^ ptMnm aE*^<& 

S3t«ttBtLTffiffla*lT^SN i Mn^FeM 

fifl&WK, £i&&£B# (£&S#ttB#) 

Mn (tffl/XH Pd, Ir, Rh, RuCDtrVffttf* 

i«*&tt2«a±(D7c*T«s) ^ p 

t-Mn-X' (fc«LX' (t Pd, Ir, Rh, R 

u, au, Ag<ou-rn*ua*fcii2aa±(!!)7c*T t 

[0 0 4 3] tI5-CBll:St»l©igtttil 2 

»«*2<7)H£Ktt)ii 4tc^$nr^5*HJtt, 
^ttcDB^e-*> h©**sRrx-t(o*iPitauT*3 
mm^-tyboxzz^ ggfnBft (Ms) 
iWP (t) £*antfc«T»5£<sn*. 0ifc^rm 

l<DB£Bte/f 1 2<hlB2CDB£Btt)Il 4<fcttHi;«' 

i4(owptP23j«, miv>sfem&mi 2<Dmt¥t?\<k 

0t)**<B«SnT^5ft«6f:» SB2<7)B5£Bffill 
4 0*3*fJBl©HS«ttll 2Ktt'<B« ; E-*>h# 

HI 2fttf*2©HS«tt)Il 4*«ftttS««q6-^> 

Btt® 1 2®RJ*t P itflB2®IS£BttHl 4(7)K/Pt 

[0 0 4 4] Bl£ST±3KSSl(0B£fiiiJIl 2tt 

(CBftStlT&O* «tttHWl36*LT» 

ifij-r ^» 2 (Dftfemum i 4 QfiBWfcttWES i <D®izm 
ttHi 2©«ft*iPi4:R^ffrc«fbanT^. *io 

BSBttBl 2tt. K&Bi4@l lfc*UT»*an, 
BW7~-;i, (XMfia) £«rr;:£icJ:D, &5KIB1 
<Z>B£Btt® 1 2 tE&Bte/l 1 1 <h<D#ffitCTSf&*§ 



ct -5 mz% i coa^Btti 1 2 (omit-ffi. m^Yjj 
mzmjtznz* mzm 1 ^b^b^h i 2 <z>Bft#> 

#fflT3»2 0B£BttJil'4<B«ftra;, ^lc7)@^B 

ttm 2<D«ft<fcS¥ff<©«sgrBS$ns, 

[0 0 4 5] *Jgfltlt iftfSIB 1 CDB^BftJI 1 2 (3D 
WPtpit, m20>mfeM&g 1 4 0BtffJfc tp 2 £SlE 
ft 0 , (mi <£>B£Bft ffORjy t pi) / (SB 2 
OBSBffllcDR® t P2 ) fcL 0. 3 3-0. 9 5, & 
£W41. 0 5^4 <B«HftT*£ U>. d 

«Hrt(c*^Tfe» 1 <D®izmvkm 1 2 £n§2 ob^b 
ttm 4t©Rj»a**«ji<ast, £&&£B#wg; 

TT*«|fiHC*£fc«>. #5K9I"m, miC9@£Bf4JI 

1 2<tSS2<Dffl5t«ttlil 4 0RJP*iijEft;LT^-5. 
[0 0 4 6] *5S9iTfcJU * 1 <D®J£M&m 1 2 CDjjgJjp 
t ?\RZ*m 2 <£>B£BttH 1 4 (ORJP t P2 ^ 10-70 
0r>97, bn-Aco^BftT, £^IB 1 OBSBteS 1 

2 t pi^ 6* 2 C0B£Bt£Jl 1 4 0JWS t P2 £3I 
^fc»#«W<2;*>i/X hn-AJEl±T*S^i^jfF* 
L^o JJEttBrtTMEOWWt. ROEBBPSWrrn 
fc£, ^<i650 0 (Oe) J^<DSaM6&B* (H 
ex) 6WCt«niiiT»5. CCT£&«££B#<h 
tt, §*AMR («StaEft¥) <D^#(Z)AMR££:-5£ 

(H e x) «U E&Btejl Ht8l <D®?mi±m 1 2 

t^^B-nBt-rssoMS^Bs?. (X&&#ttB#) 

SB 1 CDB£Btt/f 1 2 £IS 2 OB^BttJl 1 4 iOBT 
?g£TS£&i&£B# (RKKYfflSM fciforf'* 

[0 0 4 7] *fc*f8WTtt, bSIB (^lOSSBttl 
(OR® t pi) / (!B2 0@£BttJlOJg£JPtP2) (4, 
0. 53-0. 95, *5W41. 05-1. 8(9t6H 

t, si^Mttii 2coRjf t ? \tm2 0®jzm& 

Ml 4©R» tp2tt*(Cl 0-5 0t>Whn-AO 
^6!B2<OH*BttlBl 4 0lf tP2*3l^t«»ffltt 

Hrtr, is i <D®fem&m \2t%2 <r>mzmm 1 4 

cDRjftfc, 24tflBl(Z)B««ttlil 2©RJPtpitlB2 
cOB^Bttl 1 4 0RJP t P2^iSiEtciiffl1-n«, 
<it>1000 (Oe) a±<OX*IS^B»Sff*^t 

ntfX»IS&B» (Hex) ***<T*-5tBR»t, 

amr (®fixSEft^) t>a*tHaaE»c«<Tsct3»« 

pTffiT*^ X*»dB»3St**^Bt\ mi<0@^B 
ttHl 2 0Bftt!B2 0H3£BttHl 4'©BfttSfcSL 



i y ) 



WIH2UUU-U4U211 



[0 0 4 8] fg 1 ©H£Bttl 1 2h%2<D 

i i 2 tm 2 <D®jzm&m 1 4 toww 

fsJDffiT&St, £«*S£B# (Hex) RtfAMRIi 

IB 1 (OH^SSttlB 1 2 ©M s • tpi 
h) *2(OH^«ttJil 4<DMs • tP2 (em^- 
*>h) tA^i;*!"?***^ ME» 1 (DB5£«ttl 
1 2<D«fbtW2<Z)HS«ttlil 4<0«ftt^R 5 Ffrtt 

[0 0 4 9] C5LfcraH**ft*rSfc»tC(i, SgltC 
K 1 <D®fem&m 1 2 t, ^2 ©S^BttJf 1 4 (DM s 



1 2<fcS2<DBj£«ttJ!l 4t^i:«itM$n5 

tt, iiMBLfcJ:?*;:, fgltf)@;£BteJI 1 2<h, Sg2(tf 
B3t«ttHl 4©IRI!ttt*aiEft;bT^*^ ^(OlglJP 

mria^ i cos^attii 2awp t Pits 2 

#M*«fcfcL 0. 9 5-1. 0 5<0«Hrt©RJPit 

[0050] *%^©cfc^tc> Kmt&mi i(c 

£S6T C£f::£0, £ 1 CDB^BftJl 1 Z t<Dfrmx3t 

nzmm istcm&w*. -$ 1 ©b^bsi 1 2 1» 2 co 

31 1 <Z>H3©8£)1 1 2<Z)«ftatf»2 0)BS: 
[00 5 1 ] 



$ t cO03£mttS Ms * tPl 2 ©gfcQfcJH Ms • tP2 







C2) 

100-iKOe 


C8) 

£K 5K0eRfc 


<4) 



























«ltr«, fgl<D@£Bttlll 2(OMs • tpi^ 
*<Dm%<D±ZZRZ£^<Djjfa*&^ZC£\Z£^X. 

m 1 ®B£ttf£JI 1 2 fg 2 ®B£tt&fli l 4 <z>«{fc 

[0 0 5 2] &1<D (1) T»4. »ffla+(0«»«)56r^ 
SBiRfeflUc, 10 0- lk (Oe) 4AT^£. CCD 
SlOiSBttll 2<OMs • tpiO**^ *2 
<Dffifet&&m 1 4 <Z)M s • tP2<fc9fc**tr>ifc«>fc:, 5: 
EM&» 1 <DB50BteJl 1 2 ©«fb*<> 8MBB»*(eit 
fcSoTHi££#fiJ£|a!€r, jB2(0B£SttHl 4(0B 
fctt, ft 1 cOBftBttR 1 2 (RKK 

1(0 (2) Ttt, ##|6jK:i 0 0-1 k (Oe) Otftf 
*l?arr*&, iBW«:*l©BfeBtt)Bl 2<OBft 



Btt! l 4 <&»{tM:, §1 1 CDB^Btt Ji l 2 ©B{blc» 
LTWfflC45o ^1(0 (3) X\t, £#fatC5k 
(Oe) tt£cDBJi£4*-££, 3rf£E»fcSI 1 <Z>H 
£IttI12 0BftH Wtt«*#filK:fc&oT*2FlPl 
tCf*Ko Sl0B5£Btt/Il 2£?g2<7>@/£ 

Btt»14tOB»C»4"rsSE««S^«# (RKKYffl 
af^ffl) lk (Oe) -5k (Oe) m&V$>Z><0 
5 k (Oe) a±(D««^BJttJStl5<l:, ^2(D@ 

^Bttl i 4 fc-t<B9in«i§;*fi6h TJibtH**^ 
tcrm< o rasiic, ai© (4) -cttfc^csk (o 

e) R±cDB^^BWPT^t, Sgl(Z)H£mi4Jf 1 2R 
«»2<Z)BS«tt)il 4©fl8ft;tt*«c, HSfi^tr^ 

<o 

[0 0 5 3] 
»2] 



( 10 ) 



#91)2000-04021 1 



m 1 ©f£|5£ffit&§ Mb • tPl< $ 2 <DS£m&J» Ms • tP2 





(i) 

^iC 100-lKOe 


(2) 

file 100-lKOe 


<3) 

3&C5KOelsLh 


(4) 

£K5KOe£Lt 



























Sl<0HSattll2OMs • t P i^\ §12 

» 1 OH3£«ttH 1 2 RtJCS 2 (DH5£«ttH 1 4 OBft 

[0 0 5 4] %2<D (1) Ttt, HSfe*|fiJtCl 0 0- 
lk (Oe) ommttZt* Ms • t?2(D±%^m 

2 ©H5t«ttii 1 4 0«{fca*$EttKfc o > mzm 2 <d 

HfcfittJi 1 4 <&B{fca** fflj»B*#fiK:&SoT, H 

*fc*ifi»cifii<. sioHsaittiii 2t»2©H€« 

ttB 1 4 0>H©3SIIS£ (RKKYffi5f£J8) tCcfco 

T, Wism 1 <o@5£B& n 1 2 ©Bfttt* 2 cds 

20) (2) TfcL i*6*ftC10 0-lk (Oe) <0 

*tH***i6rt(Ri#> ss 1 <z>g^Bfl:g 1 2 ©Bfttta 

^£#|fi»C|fi|<. S20> (3) *Tfkt> 0*fr^fr£5 k 
(Oe) a±©«*6#*St, S10>B£<Bf£JSl 2 
RCX»2(DH^»ttH14«)(Hfl!>Sgj|«S^ (RKKYffl 

OH3£«ttJi 1 2 2 <D@£BttB 1 4 

\Z, H***|SI(c|pI<. *2© (4) Tfclu BjR££|p] 

tcsk (oe) «±oBi§£TOi£ns£> micos^ 
m\tm 1 2 r«» 2 <D®j£m&m 1 4 toBfctffttca^ 

[0 0 5 5] d^T, «A«»l(OH5tKttBl 2 0B 

*<0««*|6|ft^O**S«, Sl(C£tt3 (2) 
(3) &tfS2lC&U-£ (1) (3) SI 
(2) (3) -m#£, Ms • tptO*S^SBl<OH£ 
ffltI12©Bftlt J»ffl«*fc;mtS£#ffl<DfflJDB 
«©»#*SttT, *#|S|fciRj€N £04:*, *M&B£ 
ctoTSi^Mttll 1 <h<B#ET0X8lfc£B 

1 2tDB{fcrt*;&#[fi](CH£3ftS. SI (3) V\t. 5 
'k (Oe) £1±<0B*£JR0HK<!:* »2(OS£BttS 
1 4 tt % 951 (D@£BttH l 2 t OMk:l8^r5««IS 
£B# (RKKY«5fPffl) ICcfcoT, me»2«)a£ 
BttBl 4©B{fcH:fiCU S#fil£flK. |S|fll(c£2 
(1) (3) Ttt, **|fi]JCIfiJW6tl&ai«)H5eBtt 

11 2omim. R&m&mi 1 to»asToxansft 



5. S2 (3) "Ctt, 5 k (Oe) «±<0««£K9I» 
<t, *2<OH£«ttJil 4tt, SiflDHSBttlil 2 
t(D|BHc«*"rs3S*IS&B* (RKKYffiSf^ffl) tC 
<t^T, WK»2 0>»£Blt]il 4 0iftttSCl/, £ 

[0 0 5 6] tC5-eSl^S2IC^1-J:5tC, JRffl 

tcajj!iDans«»<o**$n, 1 0 0-1 k (0 

e) , &£W*5k (Oe) EU:T*0, lk (Oe) 

-5k (Oe) <7)mm<DMm<n±$2*mjEtemmfrt> 

ZCtltZk-oT, Ms • t <D±gbmj£M&J§<DMik 
tt, *<0B«#fiKft£5£r*. 
<DB^GD;*:£ £ # 1 k (Oe) -5 k (O e ) 0)fS!T& 
5t> Ms - t(^h£^©£BfflfcDB{b£T^\ Bit 

oit*>* H^ttsiiBtcaaferssaiis^B* (rkk 

Y«SfM§) tc<toTJEWfJctt^5trS2)B©H^ 

rs, ^fo*sBfb#«*##<fco* 2icoa^mfe 

B0Bft£iIIEJCj£¥fT#«UCBftT3 < 
fi£oT, #5g^Ttelk (Oe) -5k (Oe) 
<0B*§C0*£££, mJEtsMmft*>9\.\sT^Z>. 
ffla+<£>Bif(D**££ 1 0 0 (Oe) J£U:<hL££> 
tt, £<Oga^B«&-£*fc^i* Ms • tO^S^^H 

B14® i i^^fflbfc«^-e*n«, f<7)<t5?a:S3iB 

*>6fi3S«ttJil 1 ibTffl^SnT^SN i Mn&4 

[0 0 5 7] «±0<fc"3£*KWTtt, ^KDS^Btt 
^ 1 2 2 c^a^Bfi^ 1 4 <h^RJ!IJt*5aEa«H 
rtlC^5C<h(cJ:oT, SJ«1S^«5?. (Hex) 
#<T^T, Sl^BSSttil 2<h^2co@$Bflt^i 
4 omit*. ®Mzb$:feLtcK¥ftVtm (7x'Jtt 
SI) tftOCt^T*. L^t)AMR * 

iCctoT, Sia)HS«fti 1 2&CXgS2 0BI£Btt)B 



I 11 I 



[0058] t^5"cwabfc<t5ca«*-^>b 

T^AS^ii^T*, AJWi#©N iFet 

fifPfiBEfbM s tt, fal. 0T (^X^) 
0, /tWlft^CotS^t, fift«fl:M s te#J 1 . 
7T-e**££**tt&nT^*, fi^T, MBNiFe 
lfi(DR»^3 0*>f/Xl>a-A"C*S«^, i 
Fe«©Ba»»*lt 3 0t>yxhD-A-fX7 

**^#<D«fiKtt!8a** »aawssf-<z>*ifij«risi€r^>"r < 

[0 0 5 9] U*>L&#<&, *>*;l/ (Ta) 

(ru) , i (cu) m<D&m&mtmm»Mistt 

SS«ttR©»£*\ P t MnR&£©K»«ttJl£:«IB 
^taattRS^ (Ni, Fe, Co) ^asE*n^5 
SfrfnBffcM s ifi, A^BfW>fl»BfbM s ± 0 fc*3 

^tcseoTgainsfbM s *vt;u^H*ofi»«{tM s tc 

[0060 ] #«ttR^Rafc«ttB«ciEl»»Bf<DSI«tt 

[0061] p tMnmt i &m&mt<DRm-nR&&& 

*lO)^tC^^^K14^ia»iSftMs(D^>^ P 

[ 0 0 6 2 ] 1 tC^T£ 3 lc, £&Btt H 1 1 tfi 

7'J-BttHl 6±0t>Tfl»C»fi£$tXT^^»^iC* 
?m meKSBttB 1 1 tJB 1 <*>®£Bttil 1 2 t 

R£BttiHi 2<Dm%&fo®m\z, m$ko>mBt?\\zit 



1 <7)@£Bttl 1 2 £<7)^@T£&&£B#£^££n 

% i <o@£Bttn \2tm2 (D^mam 1 4 <z>B<t;« 

1 2X^*2<Z>B3t«tt« 1 4(ORJScoigjEft©*>a:6 

4ooaattRjpa>BiEft*fTt)a:^i, ^«ut«fl:« 

[0 0 6 3] 895£bfc«t^tc, miv>ffiitm\imi 2t 
m2<Dmfem&mi 4<Dm&wm»iz&z>mm.mwte^ 

mitm&m iztmz £>g£Bttfi 1 4 om^mmmo 

1 2£S?§2cD@3£Bttli 1 4 0>RJ*tfc tm C£ o \Z. 

(»i©B5e«ttiii zommmm / (S2^it 

ittll4©aaBR») fcL 0. 3 3-0. 9 5, * 
SWil. 0 5-40$&Hrt£T&5C<h^ff£lA^ 

^fc^^^-cn. s i omfemum 1 2 cdbswrwr 

«»2<OBlt«ttB 1 4<DB«MRJSriU 0-7 0 

Bft/f 1 2<0«S«RJW>SS§2<0B5£BttJil 4 0& 
SWRJ**3K>fcffi#tttf«2 (^>yxhP-A-fX 

[0 0 6 4] (» i <z>B3£«ttB- 1 2 om%mm 
m) / (»2 0B£B&hi 4©b§i»r») o. 
53-0. 95, *swii. 05-i. 8^(aH^r 

1 OHSBttH 1 2 0BmMKJi£§§ 2 <0@£Btt! 1 
4<0«««RJPtt#(Cl 0-5 0 (t>yxhn-A« 
rX7) ©«Brt"C*0, LA^t>»10B3tBtt)il 2 
0«at»R»A^*2©BS«ttH 1 4CDB^MB£JS£ 
3K>fc«»«tt2 (t>yxhu-A-fX7) £l±T 

[ 0 0 6 5 J *tC, 0 1 IC^T^ 1 0@£Bt4 Jf 1 2 t 
*2©BS«ttBl 4t©Wlc^ffi-r5#Btt+IBI!ll 
3tCBIbTi«^f ^>«, *58WTtt, mi<OS^Btt^l 

2 1 » 2 cDssBtsu 4 t&mizft&tmmft* m 

■ 1314, Ru, Rh, I r, Cr, Re, Cuco^^ 

im&%wz2m&±0&&xmt&znT^%£tm? 

«!C»riEanT^«35^ BiE&«lfE*Bitt*WIIB 1 3 
[0 0 6 6] Bl»C*1-ck5ic:7'J-Btt)Bl 6<t0t> 



( 12 ) 



«fBB2O0(MM021l 



tt*Ps1B 1 3<0R/1«, 3. 6-9. 6^>^hD- 

**a«, 5 0 0 (Oe) Et±<D3afciB£«# (Hex) 
SflSClt^lBT*^. *fc(HE*«tt+BMi 1 3 CO 
RJVI4. 4-9. 4*>^Xhn-A<0«HrtT?^J5e$ 

nst, iooo (oe) ai^jft^iMfi^c 

n^M^n^i:, MEm<DB£«tt)ii 2t*2 

(c& 0 tc < < & D , WE«fl:tt!B3S«TSSftt-5 i Ho 

CO 0 6 7] Hl^STA'SJC, 3S2 0B£BftJfl 4 
©±fc*4. Cu&£T»«Snfc#Blt»tll 5*B 

H6«^nti^o Bnc*T<fc5ic7U-«tt 

116(4, 2Hr»l«StlT^0, SSE#Stt#mSl 
5 fc#r*ttfc»«S*ljfc»W 1 7<D@t4C olT)Rt 
Sntir^. ^0>JIl 8(4. NiFeS* 

*\ CoFeS4> ^NiCoNiFe&McirTf 
*StlT^S. &£#Bfi;alSm/f 1 5(Cjgt" SffltCCo 

1 7 s«fitr^a*tt. cu-c*jaEs*ifcME# 
amr (aasa«t*) «t#<rs**>s-c 

5. *fcH2lC^r cfc^tc, TiftJfl O^SfiUM 1 9 
$T<Bi*»#<D WHICH, «ittCo-Pt$4*Co 
-Cr-P t^&t*-C*rtSnfcA-H/U7XJll 
3 OS^Cu^Crt^^n^fil 3 

*a*tT, WB7U-Bttll 6 BSX#flJ 
lc«{b£n;fc^S8£ftoT^£o 

[oo6 8] aitfews^if^A^aranRst^T 

a. 6 7 <J -«tt« 1 6 , 1 

5, Rtf»2(DHJ&HttJil 4JC-fe>X««3&t^A^n 
5. E»«E*^6iai»C*THSY*f^HC«||i39«#A6 

iWcfflftU :©i*©#«ltMlll5t7U-Btt 
B 1 6 <fc0#ffi, &tf?H8tt««/e 1 5 2 0@£B 

&m 1 4 i©»ffiTfxe>«ctt# ufcewm^ofta^ 
ec^c<t(c<ko, *s«iaaiwfcu e»me#*6o 

[0 0 6 9J td5TttE-fc>X«Wi, £ 

i<^a^«tt^i 2 &#aitit>mia 1 3^®^£tct> 

SSn^o MESS l<DB5£ffi<4j3l 2 14 A MR (CHLSB84 
*r. MEftl®B£Bttl9l 214* AMR(cM4T£ 



PelH 1 3lZffitLZ>Ct\i$. i/t>hP^ (maSnx) (c 
c:(0^-v>hDXOSt4#^tc / >^<, *5g0^ 

«*ttt«PiaK(0AMR*»5C:t*«^I(SEt& 

[0 0 7 0] £C5T#^T(4, HS»tt**#«tt 
*BBJi 13^LTS1 <DB3£«ttJi 12<hi2 CDB£ 
BflfcH 1 4(0 21tc^»rT5Citc e tO, K»«tt)il 
1 LTfc, **fc&*ilB£BJ?- (He 

x) . ft*W*C*45 0 0 (Oe) «±<03aM6£«#6 
#en5Ct^WcJ:0t)^ofc. 

[0 0 7 1 ] *»y;uxtf>A*;pys»IR*To 

2 0 0*>yxhn-A«±<7)!«P£««U 
ftfrtntf, 5 0 0 (Oe) «±0&ftl8dB#*»*c: 
tffi-CZItfr-oltifi* *5S9!TWU AtEKSftflBttlBl 1 
*'>ft<tfc9 0t>yxh D- AK±T»J«"rtltf , 
5 0 0 (Oe) H±OK*16^B*«:»§C<!:^ffiT 
$>Z>o itiEWP* 1 0 0 *>j^X h D-AftilCt 

n«, iooo (Oe) ^©sg«iftB»*#*c:t 
anwc**. fc£n&E£&Bffif 1 1 <Dmm<D&mm 

R&BttBj^ 7UHM4B0>±Ttc«ritSft*. ^fc 

*S7=3.7^^e>/^^ffl*R* ; f-©»&ictt, «t 

KE&RIW8Brt«»&:*. Xi7;i/*tr>A;i/:/i!MR 
*^©»&lC-Pt,>Tf4«i£t-5. C.<0£5tC**9!JC<fc 

[ 0 0 7 2 ] H 1 3 ttX fcT>/W:/ffl»R*W»j£;S 
nfctt^HtO'sy K<0*iBSE*«*t<0»lPiffi«^6 
£fc»rffiST<&&„ U^12 0 (4, «*«N iFe^ 

^FJIl 2 0£>±tcTS&*-\- y^ll 2 ia««j5£2ftT 
SftttBT«=Pry^ll 2 l<0±\t. *5B9Hc 
&VtZ>XV>W7§m&M I f-l 2 2^«SnT*5 

0, ftffExe>A^-/^^^Ti 2 2 oiagffliUcA- k 

AW7X112 3, Xtf»«Bl 24j&t«]£3nT^ 
So S6JCWEW«H1 2 4©±tcJ4, ±aB^ry^H 
1 2 SfiWtiLZtl* fl9E±«^r y^H 1 2 5(7)±tc 
(4, N i Fe^ft?S:i:T?*d6*nfc±SB">-;i/HHl 2 
6**#/«SttT^*. (HETWiryyiBl 2 3&t;± 
SS^r y7Ml 2 5t4> WI^«S i 0 2 ^A 1 2O3 (7 

ttd£C!)|8IWt»Cct-3T»J«SftT^*. 01 
3tC^T<fco(c, Ta^ty^B^l^SlfflS^fy 
y«l 2 5STOfiS*«*t7 , /fiG 1 T»0, C<7)^ 

t7ygG i *i/hs^at*!SE»iB«ft:(c»rti;T*-st) 



t 13 ) 



[0 0 7 3] *KMTttWJEbfc«fc'5tC, K*«tt«l 
10DK» XhfWW^SSR*?- 

1 2 2£&<Dm2$:n<TZZ>tz&* ME^-y^fiG 

2 lfttf±»**!y:/Hl 2 5C0RS£it&WJP<LT 
fe, ^^^7 p fiGl^SE*iCit^T/h$<-r^-<i:^T 

*&TaMr*v7Bl 2 l»tK±«*iry^lil 2 
5*»<»J«'r-5Ci:-C, l«ttS*»l:«ftT5Ct 

[o o 7 4] ai\z7iz?x\±>/w7Mnm*?te* * 

11 2, #Btt+IH»l 3, *2<0HSBttHl 4, # 
Btt«*R15. 7'J-SttI16, &tfSH119« 

aru jbsrwdisks^t* «»+7--^ mm 
b i <D®fem&m 1 2 orbk t pi#. % 2 cos^att® 

ttttBl 2CD&m : E-*>h (Ms • tpi) £ 
2(DiglftI14^g : e--^>K (Ms • t P2> IZ 

tt^T/hs<R)6*nT^s. c<z>*^ meb-iob 
o-iooo (oe) <z>B»ss»rraj&\ 

{fc*|fiIttfc^*|pItC5 k (Oe) &±<DM®$:81M? 

[0 0 7 5] BlfciR-r<fc5fC. ft 1 <Z>B£tt{iB 1 2 

2*#BBT§Ct{Cj;0:, 0^Y#fi£$O#rSHCl 0 
0-1 k (Oe) (« 2 (1) #B) (OffiiffcTOrfS 
*K ft-5^ttY35|6l (*2 (3) $B) C5k (Oe) 

0>*|6»C 1 0 0 - 1 k (Oe) <Dm®£$-?LZ>ZtT* 

(Ms • tp2) *9c£^ft2a)B3£»tt 
All 4©«ft3*«Y36FiP!tj!!«)*iRlK:«{kan 1 ffiEft2 
0B£ttttH£®&ftJi&tt* (RKKY«a«sffl) \Z 

£^T&¥-ftizm<tzn&o£?%mio®j£M&m 1 

2 0«fc#Bi£Y#fllcip|*. mfES^fflEttSi it© 
T, NBft 1 <D®fem&S 1 2 ©«ftsO«H* Y*|S| t B 

ssns. 2(7)e{b^a^Y^tc 
Bfcsns initio, ft2tf>g£«ttm 4<Dm{t 

tfi* »l©B36«tt)Bl 2flDBfttSWICB3tStl 

[0 0 7 6] *5^J4H5?Y*iaiJC-5 k (Oe) ^±C0 
«4§£4*_£<i:, ftl0B£BttBl 2Xtf*2 0>B£ 
1 4CD«ft#*K:B*Y*|Rl*C«ffcan, ft 1 CO 
1 2fl0«{fc*«. &&m&® 1 1 i©#B£« 

(£«£#&&#) tCckoxa^Y 
*fiicBesns. 5 k (oe) &,±<Dmmm^m 
**t, »2«>B««ttiBi4flD«fctt, micoa^B 

ttS 1 2 &0£tt£&aff (RKKY«5fMl) tC<to 



TE1EU B*Y*|6ltS»»lp|(CB)£Sn«. 
tt, ^KOi^SSIl 2 >h#, ^20 

@£«£JI 1 4 > hJ: 0 fc*£l>i§££ 

tt, aa8E*10B£«ttJBl 2(D«ft*|Slfrt&^*fil ' : 
fC, 10 0-1 0 0 0 (Oe) *fctt5k (Oe) fit± 

[0 0 7 7] mi\Z7fz'?7>\±>/V],ZfM»Sl% I P 
tt. B&fflA^F (»R««'\-yK) **tl5£-r£*fcfi 

^sdw-r*. i»Exewt;u:/ffl»R*^<o 

Btffl^^H (MR'x-yK) j&t^Jc-r*. fcfcifflEB* 
WvyK±l;:. Btt«»B<Z)a7tn-f;U4:*#-rsE 

|s£cdx t: ^^SWRX^tt, 0 1 tc^TX b?>/W 

[0 0 7 8] H 3 tt, *389l<0» 2 <D3gJfi«»0)X tr > 
■/^pyaWR*^ 0«HfiS«aHW L t««BH> 
B4te, BSlzS-rxifW^yHWR^fiEBKE* 

SHJRtll^tt* Bl©Xtf>A;pyi!*R* J F©R«|jS 
Si»iCUT*fi!cLfc^>^Xlf>A^ya»R*- : FT 
T&fcS* BStcSTXfcfW^yfflWRS^T 
tt, T^bTiftll 0, N i Fei2 2> CoR2 3 
(N i FeS22tCol2 3 S&fc-ST? l J -«ttH 
2 1) , #«tti»«I2 4* ft2tf)@£&ttli2 5, # 
&t4* MB 2 6 . ft 1 ?)@5£Btt@ 2 7 , S^BttH 2 

[0 0 7 9] &*5MES3ft«ttB 2 8tt, PtMn&4 

^(Cf^^T, X-Mn (fefcUXH, Pd, I r, R 

h. Ru©(r»rn*uB*ttt2a£i±07c*"c*s) 

Pt-Mn-X' (fcfcLX' tt, P 
d, I r, Rh, Ru, Au, AgGHvfn** 1 S*fc 

[00 8 0] CKDXfcTW^ySWRlR^fCiS^T^, 
ftdlB^ 1 OS^Kttl 2 7 0RiPt P |<h, ^2(D@^B 
ttl 2 5 ORJPtt: t p 2 ti, (ft 1 <0B£«ttlf CORJf t 
Pi) / (^2(D@^Bi410Rjptp 2 ) tt, 0. 3 3- 
0. 9 5, ftSWil. 0 5^4<D«l^»Su(!:^ 
»^L<, <k0»*Ktt, 0. 5 3-0. 9 5, £3 
Wil. 0 5-1. 8<0lBS^Tfe^o U^fe, SIO 

a^Btti 2 7 coRjp t Pi&tfiis 2 oa^Btti 250 
R»tP2*u 0^7 o*>yxKa-A<o«BrtT* a 
1 ^asKtt® 2 7 <7)R# t pi^ bis 2 <7>a£<Ktt 
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■M2 5<DRJP t n*5\Wzffitm*2it>#X KD-A 

HS«tt« 2 7 a>mm t pifttffg 2 (OHSBttH 25(0 
mm t P2 ^ 10-50 ;*>>/X h AtDggHfiT, R 
OS 1 tf)a£Bttg 2 7 CDIgfp t pi*> b$ 2 OS^Btt 
M2 5 0>RJP tP2^5l^fc»«11^2*>^ hD-A 
BUT**. 

[0 0 8 1 ] fl&i£Ufc«k5fc. SBl©H^attH2 7 t 

sesttH 2 7 tm 2 <o&im&m 2 5 (omfmrnmn 

0#*Kfc<r>. *uT**«Tlt fgl^SSBttl 
2 7 <hS§ 2 (Oa^Bttll 2 5 (ORJWt i;«fc 5 iC, 

(» 1 toijtBtti 2 7 (oBanwyM s • t?o / 

{^2<i)wm i &m2 so^mw^iPMs * t P2 ) 

0. 33-0. 9 5, 0 5-4£>$gHft<h 

tti2 7 0BAtt(BJPM s • t Pi&tf fg 2 OHS«tt)i 
2 5 0«a»RJPM s • tP2#lG~7 0 (^Xh 
D-A*^X5>X (DffiSrtT. &-^l£>g£BffiI2 
7©B«»W*Ms - tpi3^63R2©H««ttH2 5© 
B&ttRJPMs • tP2*3l^fc«W«#2 (t>^Xh 

to o 8 2 ] *fc (* i <hwm&m 2 7 (Z^m^WP 

Ms * tpi) / (S2 0B£ttf^2 5 0^ttRIPM 

s • tp 2 ) ifi % 0. 5 3-0. 9 5. %£Cr>ttl. 0 5 

-l. 8«)«Hi*3T*5e:t^J:0ff*b^. £fc±e 
KHftTfcoT, » 1 ©H3t«ttH 2 7 ©«a»RWM 

s • t ?] tm 2 <D®feM&m 2 5 <DM%$jmmMs • t 

P2te*K 10-50 0t>yxbn-A • 7^X5) 
HfiT&D, L*>«$l®B£ttttJI2 7 0B&ttKj9[ 
Ms • tpid^»2 0)H5EBtt)I2 5©«aWWPMs 

• tp2*3l^t»»tttt2 (t^XhD-A-fX 

[0 0 8 3] B 3 1 0S/£BttS 2 7 tJB 

2 <Z)@£Btt/f 2 5 t<D?B*\\Z-frtEtZ>#mft$mm 2 6 
tt, Ru, Rhu I r, Cr, Re, CuO?^lg& 

* 2 ■K±O^T»«3tlT^ 5 H £ aw* U 
tr>. **WTttH3tC*-rj:5lC, 7»J-«ttJI2 1«fc 
0fc±«k:R5IBttl2 8^»rtanT^4«#. B3IE 
#Btt4>nil2 6<DR0tt. 2. 5-6. 4*>^Xh 
□ -A, **W*6. 6-10. 7*>^X hd-ACO 

&<<tt>5 0 0 (Oe) U±.(D%&&$mft (Hex) 

[0 0 8 4] *&*#B-Ctt, ffif|5#Btt^F^12 60 
BUPte, 2. 8^6. 2t>^XhP-A, 
6. 8-10. 3^>yxKn-A(085HrtT*^C<h 



0 0 (Oe) J^±^^»^^^^^>C£^p[^-rS> 
*fc, WEE3SBttSI2 8S'>&<t'b9 0*>y 
XhP-ARiitMtnH 5 0 0 (Oe) JEU:0>£ 
itf^ll&T**. *JfcflME«JP*l 

0 0**>^X hn«-AK±lc*r*UJ, 1 0 0 0 (Oe) 

[0 0 8 5] ^3 fC^T X If WNV^SWRSi^Ttt, 
ff§l<D@£BttH2 7(7)®|JS tntt, »2(0B£BttB 
2 5<DRJP tp 2 tSfeS4lT»fife$n, WAtfffifESl 

©isBtti 2 7 t picd^\ m 2 <Dmfem&m 
2 5<o8WtP2«fc0fe»<»ricsnx^5. *tMESB 

1 ©BJfcBttlf 2 7 <&B{fcj&*, H^Y^[S]^B{t$n, 
l»E*2 0H*BttH2 5©BfWJH*Y^£ia©* 
IfiJUBfcSttT, »l©HSBttH2 7t*2©H«B 

ttI2 5M7x'JttI ( !:^9T^^ H3^-TSB 
1 CD@£BttH 2 7 <hfg 2 (DmfeMftm 2 5 (DBffc^ft 

[0 0 8 6] £^3fC^TSJI£X/Vy^ffi&£fC£ 

OfcfflS) £SST. * 1 (OHSBttH 2 7 <Z)M s • t pi 
(B^E-*>h) ^2C0©^B^®2 ScOMs • 
tP2 (llt-^h) <fcDfe*:#n*£K:fcL SfiEfg 

i <D®jzm&m 2 7 <Dm<t&fa»it^mz i o o - 1 

0 0 0 (Oe) £fcte5k (Oe) (DBttSffljtofntf 
<fcfr>. H3JC**rct5fC, Ms • tpi<Z>*€rt^l©H 
3e«ttH2 7*H^Y*l»lK:|p|Wcfc5<frSt, »»b 
fc^lSt^BB-rSClttCckO. H^Y^rlfiJJC 10 0-1 
k (Oe) (SI (2) , »S^ttH^Y*|pJfC 

5k (Oe) H±(S1 (3) *RB) 0)B«&IRffla4> 

[0 0 8 7] mKYJj&WZ 1 0 0 - 1 k (O e ) COB^ 

^■¥x.^c<tfcj:o> Ms • t?\(D±%^mi<Dmfem 

ttB2 7©«ffctt. H^Y^SltlRl*, ?g2CD@£Btt 

e» i oimizmftm 2 1 twMmm 2 s t<D%mzm 
m 1 omizmfkm 2 1 <nma%m^^\m%^n. 

cntcJ:0, SB2(DH3£Btt)B2 5©Bft}»«HSY*ifij 

[0 0 8 8] **^«H*Y*|pJJC5 k (Oe) W±c7) 
B^^-^A^<h> ^l<^S^Btt^2 7ctm2^@^B 
tt®2 5Fp1(C%4T^3Sil*S^B^ (RKKYffiSf^ 
ffl) ct0fe**ttB«^BJftlSnsc«!:{Ccfc?3, ^1^> 
H^Bttl 2 7 ft » 2 0a^Bttffl 2 5 
a^Y^fSilcBft^n, WE^ 1 0@5SBtt)i 2 7 (OB 
fttt, R^Bttl2 8<hO#®lC%4-r^XffijS^B^ 

»s^ttB#) (CctoTa^Y^ica^^n^o 

fg2tf>@56BttS2 SCOBfCIJ, WttJBii^^O 
*^C<h(C<i:0, ^l(7)aSBttl2 7<htf>£$&£B 
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[0 0 8 9] &*<rtft£l0>9£BttJ12 7 
/ > h#SS 2 <D@£&ttl 2 5 com^-* y V J: 0 fe 

/hS ^ii^lCtt* » 1 (Oa^SttJi 2 7 <D«ft*|6lttfc 
t/^fp]<hi£cD^fp](C 100-1000 (Oe) OiS^: 
91*10 U Sfc»4«ft:*lPlttt^3ErfiI^5k (Oe) £l± 
<B«»*HMjD"rs. ^4C^^t:, TifeJIlO 
^6SM2 9*"CO«Hflc<OR«(CJ4, A-F/K7 
X»13 0fc»ftHl 3 l***)5SanT*5 0. UE/N- 
HA-T7XS1 3 0**B*X#l3£«{tSttT^S££ 

[0 0 9 0] ^5(4, *«W<O*3 0*lS»»<D-xe> 

[0091] msizK-rxzy/v^mmmm^z. t 

(T) 3 2, JHBttfRIJI (T) 3 3,-»2©H3£«tt 
If (T) 34, #«£*gmi3 5, 7U-«ttl3 6 

(«F-#3 7 f 3 9HCoR, »§3 8liNiFe&4 
R) , JHB&lfl«H4<h m2(0@^fiSttl (±) 4 
1, #Btt*mi (±) 4 2, miCOS^ffitt® (±) 
4 3, £&&f4®4 4, &tf««li4 5<0«Tr«HSn 
&i3H6*C«'r«fc5t, TJft«3 0*>6«R» 

1 3 1 tfim&ZtlT^Z. 

[0092] bi s \i>/vi-?mnmm?<Dfc& 

Btt»3-1, 4 4(4, PtMn^TM^ntMC 
£#HF*L<> fcfcWiP t Mn^&tCftxT, X-M 
n (fc£OXtt, Pd, Ir, Rh, Ru©^fn*l 
aifcl42SJK±(07C^T*^) ££s &5M4, P t 
-Mn-X' (fc£LX' 14, Pd, I r. Rh, R 

u, au, Ag(D^i"n*ua*fcj±2aa±a)7t*T 

[0093] ccoxewi^yaWR*^^*^^^. 
tines i0B£BttiB (T) 3 2<Dmmt?\t. %2<n 

B£BttlH (T) 3 40RWtP2t<0RJWt. 
<DB£«ttH (±) 4 3 0RAF tnt%2<^^mm 
4 1 (±) <0RiPtp 2 <hcDRiPit (Sg 1 OB£«ttlgcD 
RBtri) / (m2 0@3£«ttl<DIS^tP2) te, 0. 
3 3-0. 9 5, **W41. 0 5-4(0egffirtT*^ 



0, ^lcOS^mitl (T) 3 2, (±) 4 3 CDBiJP t 
pifttf*2«)Hl£«ttl (T) 3 4, U) 4 10RW. 

1 CDE5£SBt4 /§ 3 2 , 4 3 0?MJf tpia*<&«2<&B5£« 
tti34, 4 l<OR»tP2*5l^fc«»fll*«2 3r>y^ 
hP-A&Jt"T?*S£. 5 0 0 (Oe) «±<D£&*£3- 

[0 0 9 4] $fc*589J-m, (* 1 ©igBttiOl 
fftpi) / (»2 0)H^«tt)iOje»tP2) (4, 0. 5 
3-0. 9 5, 0 5-1. 8<DKfflrtT* 

£:i<hJ&<<fcDff$L<. 3b(Ct4, !f!10@£&ttJI 

(T) 3 2, (±) 4 3<DRfftpiStfaS2 0>B£«tt 
8 (T) 3 4, (±) 4 l<DR«tp2*U 0-5 0*> 
yxhn-AOieS^-C, K-omi 2, 
4 3<ORJlUpi^S»2<Z>B£«ttJI3 4. 4 1 CORJP 

tP265l^fc»*HI^2*>^ hn-AJ^±T&n 
tf, 1 0 0 0 (Oe) «±<B£*IS&B#£»*Cfc# 

[0 0 9 5] 7U-iKtti3 6cfc0t>T«IC 

»fifcSnT^5»10>@£«tt)i (T) 3 2<^R]ptpt 
£, 35 2<D@£fi8ttl (T) 3 4(7)RJ?tp 2e i;0t)^^ 

<lt*>, tte% i <D@%m&m (T> 3 2tf>§ypt P i 

<!:*2<Z)H^«Btt« (T) 3 4©R«H#tt6*>^X 

tt, £l0)B£Bttll (T) 3 2, (±) 4 3i©5W5 
JCTSEiMS^iBJIL (X&&:£ffi8#) £IS££i±Sfc# 
KttfflSfc&gtTSWAtfP t Mn£$T«fiKSttfc 
R3ftBttfl3 1. 4 4*ttfflbfc»^fcasnS. 
[0 0 9 6] K«(S^«IKO«Tfi, 7 U 3 6 

«fc 0 fcT«lc*j£;£ttTl>£K3SBttli 3 1 1 CDS 
(T) 3 2£<D**»HCcfcoT. ffl££10B 

^BttSi (T) 3 2<oBattfcRj*#*'>u mesbi 

<OH^«tt» (T) 3 2<Z>fi«»&R»<fc. i!2<D@£ 
BttB3 4<Z>R#tP2i**, &til^DJf £tC&£^bT 
COfc**fBMT*4> (^l^Mtti (±) 
4 3G)Bfftpi/»2<DHffifiattH (±) 4 10)R»t 
P2) JcOt) (^10@^aitg (T) 3 2G9BUP t P |/ 
m2<D®l£m&m (T) 3 4 0RiPtp 2 ) <F>1j$:XZ< 

-«ttB 1 6 <fc f>t>KBl«ttJi 1 1 *<TflltC«i5KStlfc 

[0 0 9 7] WifiLfcJ;^^ »l<OH3t«ttB (T) 
3 2, (±) 4 3<DK^MRi?Ms • t?\tm2<om%. 
m&® (T) 3 4. (±) 4 1 COK^MRifM s • t P2 

IC<<, Sfc^l(D@3£Btt@ (T) 3 2, (±) 4 3 
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4, (±) 4 lattftttRJPMs • tpz©g*t**<fc 

^. (T) 3 2, 

(±) 4 3CDKJP tpit»2<0B£«tt)i (T) 3 4, 

(±) 4 iommtn<»BtMiktmcj:o\z* mio 
®fem\tm <t) 32. <±> 4 3®«attRSMs • 

tn) / (»2a>B£BttJI (T) 3 4, (±) 4 1© 
KSWRffMs • t P2 ) fcL 0. 3 3-0. 95, 
Wil. 0 5-4<B«Hrt£T**£id*ff$U>. £ 
£*%WTfl £l<?>B£Bti:ff (T) 3 2, (±) 4 

3 (omm^mmM s * tpi&tfm2cD@£Bt4jf (T) 

34, (±) 4 1 CDB^iMKJPM s • tp 2 ^ 10-70 
(*>tf7> bU-& • fX7) COiSHrtT, fiOgSlCD 
(T) 3 2, (±) 4 3 £>&m«£iif M s • 
tpi^6*2 0H3SKtt)i (T) 3 4, (±) 4 1 (OB 

'^wiSMs - tP2fc5i^fcie»«3^2 (*>yxhn 
[0098] (mio®fem&m <t> 32, 

U) 4 3<D«^«rg|fpMs • t P |) / (S2 0B&« 
ttB (T) 3 4, (±) 4 KDlXnnPMs • tpj) 
ifi. 0. 5 3 — 0. 9 5. 0 5—1. SO 

«Bl*T**CfaW;9#*U». *fc±B«Blfe* 
oT> SKDS^tti (T) 3 2, (±) 4 3<OB^ 
WfgyPMs - tri&S»®B£tt&B (T) 3 4, 

(±) 4i<om%mmmus * tpz^cii 0-50 
mi(D©^Btt^ (T) 32, (±) 4 3<Dm%®mm 

Ms • tpi«>££2<?)B£BttJI (T) 3 4, (±) 4 
l©«»tt!8JPMs • tp2*3R>fc«*HStt2 0*>^ 
XhP-A«fX7) &±TS Setoff 3: 
[0 0 9 9] ^(C^5tC^-rmi(D@SBttl (T) 3 
2, <±) 4 3<!:!fl2<D@£«ttfi (T) 3 4, (±) 

4 1tOIBfc:^aE'rS*«tt+IBISI3 3 > 4 211 R 
u, Rh, I r,, Cr, Re, C u<Do*> 1 
2aK±O^T*fiKStlT^-5Ci#ff*L^. H5 
K^fcfc 5 ic 7 U -BftH 3 6 £ D t>T«fc»fiES tlfc 
ttE#tttt<t>Mfl (T) 3 3<0RWi, 3. 6-9. 6 

^. ^<D«BrtT*ntf, 5 0 0 (Oe) «±CD£&*£ 
(Hex) *S5Ct*«pII)B-C*<5. *&WE# 
tttt+WB (T) 3 4-9. 4t>Wh 

P-AOJBBrtTIBflcanst. 1 0 0 0 (Oe) H± 

[0 10 0] *&*«WTttB5fc:*rJ:'5C, 7»J- 
«tt)B3 6J:0'b±BK:»jBSSnfc#«tt+IB)B (±) 
4 2©R»tt, 2. 5-6. 4t>^hn-A, 
Wi6. 8-10. 7*>^X hD-ACOffiffl^-C»^ 

£©«Bi*n?aafc, '>ft<t*>5o 



T££o lffilEIIM8tt*MIB (±) 4 2 

0)l»J|Ett, 2. 8-6. 2t>WhP-A, 

6. 8-10. 3*>^X hn-AOOiSH^lTfe^Ci 

^cfcOfi^b^* Cl<Z)l6fflrt-T*5£:* 10 

0 0 (Oe) Ut±<05!lSllg^«»S1#§c:i:75tniffi-e* 

[0 10 1] M8BS9fi«fiJB 3 1 , 4 4£'>&< 

<tt) 1 0 0 t>^X ND-A^±TMtntf, 500 

(Oe) a±<7)X««S^B»*SSCi:*«pI«-C*-5. 
SfcMKRJ**! 1 0^>yxhn-AJ^±lcfn^ 

1 0 0 0 (Oe) &±<D&&t&&mft&ft&£t&*im 

[0 10 2] «TH 99i2R3£«tt» 3 1 , 4 4 (DBS 
Jfffi$2 0 0*>{f7>bn-&Sl i ±'VMtfi-$tlT^tc<D 

1. 4 4£»j£TSC£j&*^firC»9, !fttCxi7;UX 

ewwaiwwiftictt, RiS«ttH3i. 4 

4#2B»)5£3n£tDT, «E*fCifc^TXb:>AVU7S! 
SfiRfc^fl^BIJS*, fi2 0 0^>yxhn-AJ^± 

Si^TIt B 1 3 iZ^TT^Y y ^I12h X 

JP<LT*>, ^t7ygGl^Kt^ ^S^E&ffc 

(T) 3 2, (±) 43tS2 ?>©£Bf4Ji (T) 3 

4, (±) 4 i tco^ipjt^^P. mm^fstm (T) 

3 3, (±) 4 2CDR9* RtfR«BttB3 1. 4 4CO 

RiP£±jfibfc«BrtTaiEtcW8l!T5C«h(c«tO. fit 

0 %«±<£> A M R *f# $ Z. t **pI8BT*S. 

[0 10 3] 0 5lC^T£5tC, 7U-«ttH3 6cfc0 
feTflltc^fiKSnfcSlOBSBttJi (T) 3 2 ©Hi? 
t Pitt. #«tt+MJi3 3*^LT»^$nfcSB2©B 
£Bttfi (T) 3 4(OBWtp 2 «CJt'<T»<»J«3nT 
H*. 7U-«ttB3 6 cfcO^±ffl!ltC^J«$nT 

^S*l(0B^«ttS (±) 4 3©RJPtpifi, 
*M)i4 2*^UT»fiKSnfcS2a>H5£«ttH4 1 

(±) OBWtp 2 K:H:'<ff<»jsfiSnT^*. -tux. 
as 1 c^H^Btt^ (T) 3 2, (±) 4 3 c7)BfbttfttC 

tt® (T) 3 4, (±) 4 i a)«ftttB*Y^rfi»c«ft 

[0104] BiR^B3tc«r'»y;«e>Aj^ 
mmmm?<D}%'&\z$>iTiz, m 1 ^s^Btt^oM s 

• tpi<h3§2(D@5£BttjI<7>Ms • tp23&<aas<t'5tc 

WittfSBIBU. ^ia)@^ffiit^oBft:(orsi^tt, 
BSY^»5^ttH*Y*lfiItS»*iaja)t'%<5Tt> 
0 5(C^Txa7;UXe>A^yS!?SK 
*K*oTlt SfSlOBltSttIB (T) 3 2, (±) 
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0, ^(Dfz&lZ. *l(Z)HS«ttB (T) 

3 2, (±) 4 3CO^ : 6"^>HMs • tpit, &2 

o>mfem&m (T) 3 4., (±) 4i©Ba ; £-^>h 
iPiat«-<o**a*aiEt>i«uT^5- 

[0 10 5] CdT, SKOB^SttH (T) 3 2, 
(±) 4 3©Saft*fttHi;j6r|Bltw|pIfrtTJ3<<0tt, Hi! 
E£l<DB£BttB (T) 3.2, (±) 4 3<Dm<ttEL 

¥-mz&zn2<D®7£$mm ro 34, a) 410 

:/ffl*!R*^©AMRfct, B£BttB<0B3£Bft£7'J 

Ztfi* *5W1© J: 3 lcB56Bfl=B**S 1 ©H^SSttS £ 
812 <D@£Btt/I<7) 2 HJC»»atlfc»^K:*oTtt. 

MEAMRtcia«M4-rsHS«ttH©)itt»2 0!)HS 
BttBT&O. »10>a3gB1£l». WEiB2<0B1&8 

[0 1 0 6] fi^H5«C^-r*2(OH3£«ttli (T) 3 

4, (±) 4 Koafb^a^ics^ifiiicH^snT^ 

£<bT££, «*«*2<OH^«ttJi (±) 4 1(7>g£ 

^*<)iott>, 12<?)itlftl (T) 3 4 0@^ 
Bft<h* 7U-Btt»3 6 0*»«{kt©H«Tttfitt 

> tf > A^ySWR*^ A M R <fc 0 fc/ha < fc 

otu^o commit. *K^<o«t-5K:- a^Bttn 

£#Btt*WIB UT 2 ■^#IK U fcx 7)V7, £ > 

v>y;i/X \f.yn)V^mnmmT\zit^ a mr < 
juyfflffB^co^ttssBwa^-sKitt. 7<j-BttB 

[0 10 7] tC5T*56M"Ctt, ^Sd^TcfcolC. 

tt, Sg2<Z)@)£Bf41 (T) 34Ms - tP2<0**«, 
* 1 <DH5t«tt)l' (T) 32(DMs • tpitCJt^€< 
&^T*5 9. Ms • tp2(0**^S2a)H5E«tt)B 
(T) 3 4 0)a{k)J<H*Y*|pJtHSSnTi/^ o 
*2<0B5tBttB3 4O)Ms • t P2 <h, ffi 1 0@5£ 
ittI3 2C0Ms • tpitSSL/^te-efc, ^to«>S£ 
JSBSK-jOMi* Ms • tP2<D*€rir>3B2<OB£« 
ttB3 4<0fi»^-;*>MC£Ea*U BSY^lSHClfi] 

[0 10 8] 7»J-«tt)H3 6J:0fe±fl|(c*)« 
StlfcBfcBttBtt* 31 1 cD@£Bttia (±) 4 3COM 



s • t?\<Dj5tf. m2(DS^fiSttl (±) 4 ICOMs • 
tp2(Cft^T*l*<&oT:fcD* Ms • tpi(9*£^m 
l©Bffi«ttH (±) 4 3®«ffc#0SY;£lSj£E»;fr 
fiHCBSSnT^S- SlOMtti (±) 4 3 COM' 
s • tpit, fg20H£BftB (±) 4 lOMs • t P2 

£BttB (±) 4 3COMs • tpitcSBB^n, H^Y* 

[0 10 9] Tfcfo^ BStC^Tx^T^Xt'W^l/ 

B3£«ttH<OMs • t P i*h*2©B^«ttJB©Ms • t 

ttn 3 6 ± o feT«t?«fiEansH« Y^iBjtdisnt en 
±«T»j5£*nsia*Y*rft<ts»*^^w&nfc^ 

Sot, ]M^£*B»*-*>Hc«fcoT«fSSn 

z>mmz£*), rnKDrnfemum (T) 32, (_t> 4 

3(OB(fct*2©lSItti (T) 3 4, (i) 4 1(0 
Bit ttfiZ* izltfe Lt7i'J«BSR^Ct 

[0 110] Sic, ir>X*SSEl 1 4te, ±\z\£&ifi<D 
'hS^#BttS|«B3 5. 3 9£*'WcUT*n, -fe> 
^tSl 1 4£St-rc£tCj;9, **>?<DffiftU«Ccl:oT 

1 1 4£^5<0#rS]tCflit" C<hiCcfc0> 7l)-BttB3 
60DTfiKC«fiesnfc»I<Z)B^Btt)l (T) 3 2/* 
Btt^MB (T) 3 3/fg2<£>S£BttJl CF) 3 4(0 
«Bft-k>x««*«^*-fe>x*i«B5K0*ra6, ME 

siaBftBttB (T) 3 2/#m&*?*m <T) 33 

/m2<0@^BttH (T) 3 4<0£j«Ba : E-*>H<D 
6J:Ofc±«(C»j5Sanfc*l<OBffiBttlI (±) 4 3 

/#Btt+WB (±) 4 2/m2<D®jzm&m (±) 4 
ico^Hffic-fe>xm^fp^-t:>xmsE«^ ; £:, satdm 

lCDB£«tt)f (±) 4 3/#Btt*IBl (±) 4 2/ 

m2<D®feM&m (±) 4KD^^-^>h^ 

[0111} ^>znwimR<Dijfat£&m% : E-*> 

#lc*£^*'Jy h#»*. -fe>XttaEB»t^Ba 
J! 3 6 <0±TJC*« SnSB&BttB^^jacBSL^"^ 

[0112] SBA<Dis«aftttjKi 2 0 o < ces^T± 



( 18 ) ^^2000-040211 



bxmiomimftB (T) 32, (±> 4 3«i 

?g2CD@5£«tel (T) 34, (±) 4 1©Bfkt*7 

[0 113] m^l/fc^Jfi£Bft ; e-^>KcJ:5B».a) 
^f£, Si;; £j«B»*-;*>McJ:*B#<hii>X« 

Jl^fi^R**"? £&BttH 3 1, 44CPtMn 
£&&<!:Sl©B£fittlf (T) 3 2, (i) 4 3^ 

jEtzmmiste^t* mi<om^mfm of) 32, 
(±) 4 3t&2<Dmi£m&m cf> 34, (±> 41 

7 U -Btt@ 3 6 J: 0 feTHfcJMESnfc* 1 4>B£B 

ft® (T) 320Ms • t pi*. m2<Dm%M&m 

(T) 3 4 0Ms • tP2«tt)fe/hS<U ao^ia^'J 
HBttli 3 6 J; 0 fe±«fC»«anfc* 1 tf>S£BttH 
(±) 4 30MS • tpi£fg2 0©£«tf4! (±) 4 1 

[0 116] ^5iC^-f<fc^C> SglCDBJtlSttJI 

(T) 3 2, (±) 4 3£BSY#ffl£R»#ffll;:fl]W- 

.Wautai, 2£#BB-T5il < !:{C<fc 
0, HSY35r[Sii«^|fiIfC5k (Oe) £t± 1 

(4) R«*2 (4) #B8) <0B#£#-*£#g#» 
S. HSY#|fi]<fcKtt;fr|fi]fc5k (Oe) £U:<Ofi#* 
BiarSCtJciO, 3llOB£Kt4JI (T) 3 2, 

(±) 4 3(OB{kS:^m2 0@5tKttl (T) 3 4, 

(±) 4 loaft^-r^T-SHSY^raiiJEJt^rfiKc 

f*Ko Wi22fll0B£BteJI (T) 3 2, (±) 4 3 
tt* EiftBttJB3 1. 4 4t(0#fflr<OX*»^«» 

fCctoT, 0^Y^rS]<hS*f^fSl(C 
HfcStU 5k (Oe) a±O«»Sft0**CtlC«t 
*). SfS2 0@£SHtH (T) 3 4, (±) 4 1 OBffc 
tt, Sl^Ea^BttH (T) 3 2. <±) 4 3tC!>«« 
(RKKYffiSffffl) (CctoT, @^Y#ffl(C 
E<EUB*Y#ffllCHSfc2ft*0"C»*. *4W15k 



^1CD@^@141 (T) 3 2, (±) 4 3<D 
«fb<h«2<7)H^«ttB (T) 34, (±) 4 1COB{b 

^B5(c^-rBfb*rfiits*frsi#tcBft;*n, £09 

[0 117] ££#^Ti;t 7 U -BttB 3 6 <fc 0 t> 
T«C»J«anfcmOHJ£BttR (T) 3 2<£>Ms • 
tpi*. ^2(OB£Btel3 4cOMs - tp2cfc0t)^c^ 

nt* i (Dm^m^m 4 3 com s * tn* t %2<j>mfem 

l0Ms • tP2ct0fe/hS<l/Tfc«i:^. COig 
££tJHT*K ^l^Mttl (T) 3 2. (±) 4 

3o«ft*»fctr^ffii, -r&to-5ia^Y3Eripj*5^ttH 

*Y*|fil<tS»*lSl(C5k (Oe) Et±<OB5?-£Hlftrr 

§:<hf:J;oT, 7»J-«ttli3 6©±Tfc«jBatSnfc 
!g2f£g£BftJI (T) 3 4. (±) 4 1 *mV1jfalZ 

L&^jSan^^rffir. 7 U -BttB 3 6 0>±T\zMl$, 

sntS2wis«tti'(T) 34. (±) 4i<nm{t 

<fc $B»cd*Sj& Xtf £f£B3E ,; E- * > MCcfc *B#<h 
1r>xa»B*<t©^H«fl©«rt*ff5C < tttT*>a: 

[0 118] *fc*55«TttEJlTtC*-r*ffitCi:oT, 
S2 0)I^i (T) 3 4, (±) 4 1©BftSS^ 

3 6©±TJC«*$n^rtB« ; E-^>httS:^(cH 
i;*rSj*lSKfc», i^£jSB«^-;*>McJ;*B# 

£®ft/f <hfg2cog£Btt:l) <Z)Bft*«*J»«»cft3£ 

[0 119] 7U-Btt»3 6<7)TfflfC«fiE*n 

fcS§l<0H£BttJB (T) 3 2 CDM s • tpitWia^'J 

3 6 <o±«t »**nts 1 v>®j£m&m 

<±) 4 3 COM s • tpi*#lc, S2 0)S3£ffi1tlB 

(T) 3 4, (±) 4 ICOMs • t?2^h^< Ltc 
»^(Ctt, MrlES 1 ?)@£®ftJi (T) 3 2, (±) 4 

3 0)Bfb*ffilW-fcl^lfi»^ 100-lk (Oe) , * 
fcWiSk (Oe) J|^±cO«#*^x.^C^(C<fcO, flft 

iemi^s^Ktti (T) 32, (±) 4 3%mzmc 

XmtZfoVt* ffiBB£l0>S£BttB (T) 3 2. (±) 

4 3tO*«ie^B* (RKKYffiSf^ffl) (CcfcoT, 
MSKOMit® (T) 3 2. (±) 4 3(D&{tt 
S¥frtcB{b^n^^2cDH^ffitt^ (T) 3 4, 

(±) 4 i©B{k**cHi;*raHciaifrtTH3rr*^t 



{ w ) 



CO 12 0] 7»J-attH3 6 0TfflltC*jBK 

anfcSia)B£BttlI CF) 3 2<OMs • t pit ME 

<±) 430Ms • t?\%mz. »2(0H^«tt)l 
(T) 3 4, (±) 4 1©Ms • tp2<t0-t)'hS< Ufc 
i§£lCte, ME% 1 <£B£G&t4 S (T) 3 2, (Jt) 4 
3<DflWt«:lfilttfct^lPli:S»*r6lJC, 100-lk ^ 
(Oe) , WES 1 <0BJ£«ttJl (T) 3 

2, (±) 4 3 0^b^[S]Wcl^(S]tC5 k (Oe) tt 
±©«a»*#>LSCttc«fcO. »l©HS«ttB (T) 
3 2, (±) 4 3 6*tcHi;*lPllC|fiI^ MESlOB 
£«ttJl (T) 3 2, (±) 4 3i<D3aUS£«# (R 
KKYMSfMl) KJcoT, MEm <Z>B£BttJI 

(T) 32, (±> 4 3<DM<ttfc¥mzmitznz>m 

2-<0B£BttH (T) 3 4, (±) 4 l<DB{t£#K:H 
t;#fi£flWTB5rr*::<fc#T€fS. 
[0 12 1] K±, Hl*^H6tC^UfcXfcf>AVPy 

T!S 1 OBSBft/f <hi§ 2 OH^KttHtO) 2 

u 2 floB£B&flra£%£?*£^£Bfl> 

(RKKYffiSffrB) fc£oT»£2B<BB:£«ttJl<0 

«fbftRWtttt (7i'j«i) \z?z>ctiz£r>^ 

«MC#5BWTfcL &3$«teB£LT:/ 

np tMn^MW ^^ttci;o, »i©B3t« 

ttBtW2fl!>H3e«ttJit©«fl:ttMi*. «fc0*»fts& 
[0 12 2] fgl<DB£ffittJii:!fl2 

oH*«ttJitowwt^, fflE£i<z>B£BttR£$ 

iot, (Hex) £**<TS, fto 

T, NEjlll«>a£attlia:S2<DH£Stt)loa£B 

£® 1 CDB5£Bttl OSIJP t Pit* 2 <Z>B£e&/i<?)R 
9tP2t<D«fftt, £bt::te> WE* 1 ©BffiBttS, 

[0 12 3] aSK*3B9raJU SMttiiLTPt 

®OMs * tpit»2 0)B3t«ttHOMs • tp 2 <t£» 



[0 12 4] »lcH5JC^*T7 ; i7^Xh:>AV^ffl* 
BSTFCiS^Ttt, SfllOB£fi8t41 (T) 3 2, 

(±) 4 3<Z)Ms • t P i£|g2<DB£BffiI (T) 3 
4, (±) 4 1<DMs • tp2&jgIElCB»U ZZlzm*' 

Z>Z.tlZ£.-DT, AMRtCB8^-f^)7'J-af4l3 6(7) 
±TJc«ric$nfc2o<3!)*2<0Bffi«tt)B (T) 3 4, 
(±) 4 l©«fbt*K:Hi;*lR»zB«T*, I^7'J 

-Btta 3 6 oiiTtiwflEans^fiStta^-^ > h£ 

«*-*>HCcfc*BlM>«j&, Rtf, hSB^KBS* 

Bffi«ttJi^)«{k<o}»»ft£ttsa6K:iRi± 

[0 12 5] B7tt, *»W<D*4©*lS»!BOXe> 

H8t*. HTJcSTxewx^fflaMHR^SEflkJiflc 

;U7ffl*R*TK43^Tfc, Bl-B6l:S1-7e>n 
^^USHRSl^tHKtc. A-KT^x^gBtcKttS 
nfc^±5£X7--f ^0 h I/- 'J >^«*Bfc££RttS 
nr. A-Hx-fX^«:£«)E»«***tHT*fe©T 
A- Kf^ X^JSt'oigESMl^i 
»l6lttH^Z*|Bl"C*0- BSE»a*a*6<0»nB# 

<o#!6jttY;&isre«s. 

[0 12 6] C©Xfcf>A*JUya»lfi* : f : «, B£B& 
B<&*fcSl\ 7U-«ttHt>#Btt+BaBS^UTJS 
1 <0 7 'J -BttB t » 2 CO 7 'J -Bit® (0 2 B tC^K^ 
nT^So 07, 8K*T<fcolcT^&Ttt/I5 0> K 

3. *20H^KttH5 4, #B14^mB5 5, miO 
7'J-IttI5 6> #Btt+IWB5 9, *2<7)7'J-B 
tt/16 0, &tf&tH6 - lOlStCfBBSttT^*. 
[0 12 7] METM5 0M§ii6 IttfllAtfT 
aft£t»«3nt^5. *fcaMER9IBttH 5 lfcL 
P tMn^-C^anT^^Ci^jff^L^. PtM 

i M n £<&^ F e M n £ lc Jfc^T W&ttdffin, 

<r>. £&*f8WCtt, *EPtMnd4CftAT, X- 
Mn (&£LXtt, Pd. I r. Rh, Ru^^fn^ 
ia*fctt2aEt±©7C*t?*5) **WJ, P 

t-Mh-X' (fcfc'UX' te> Pd, I r, Rh, R 
u, Au, Ag0)lr^"ftl^ia*fct±2a£t±O7C*T? 

[0 12 8] *lC0B^at*15 2R^»2<Z)B3£«tt 
B54tt, Col, NiFeft*, CoFe^, fc5 
WiCoN i Fe&M^M^ntl^o i^c#K 
tt+MB5 3tt, Ru, Rh, I r, Cr, Re, Cu 

v>o*> ia*s^»±2aa±«)a*"e»j«stiTi^c: 



( 20 ) 



*$HB2OO0-O402ll 



[0 12 9] a&ES6l<DB£B«*5 2©B{t<!:*2© 

B^BteH 5 4 coBfbfi, s^fcS¥fir{c«ft:3nfc7 

xUttJSi&oT*3 0. «Atf£l0B3£«ttJ15 2(0 
BftttH* Y*lS»l, £ 2 OB^BftJf 5 4 ©BffcttH 

<B*«tt*«t>fc»K:fcL **^X«B£BIW#»-C 

*-rxe>Aju^a«iiR*^Ttt, cm 1 <z)B£BttJi 

5 2(O^Wtpi) / (*2<DH£«ttJI5 4 0>IRJP 
tpz) 0. 3 3-0. 9 5, 0 5-4 

3-0. 95, SSWi, 1. 08-1. 8<D?gHft£ 

nctt^^ *t*i©as«ttja5 2&»s2o 

BeBfti5 4 0B»l:ftoTlt #(ClO-7 0*> 
h n— AT, I^ISl <7>B£BttJI 5 2 <D®£Jf 1 
Pi-Si 2 <DB£B14J1 5 4 (DRfll t P2 I ^ 2 ^ > ^ X h 
o-At»5Ct»^l<, J:0»*U<H 10- 

5ot>yxha-AT, 5.0 1 ^ i <om%$&&m s 2 

omW tpi— IB2<Z>B50BttH 5 4 0>R^ t n I £ 2 * 

[0 13 0] ST^U^^lC, ^10iSltt!5 2 CD 
B£ftWPM s - t pi t SB 2 tOHgffi&i 5 4 OSaft 

u o tc < < , $ i <*>B^Bftii 5 2 <Dm 

%&mmMs • t P i<h*2<DB£BttJi5 4<DB«ttJR 
if Ms • t n <Dmtf*:$<teQ?€Tb. 28M6^«* 

1 (7>B£Btt/i 5 2 (Dmm t P i<t^2 OB^BttH 5 4 

omm t p2 <h co^j? & t h i; ± 5 k , (mi b^bi* 

0 5 2tDBatiR9Ms • tpi) / (S2(DMtti 
5 4 CDB^WRJfM s • t P 2) tt, 0 . 3 3-0. 9 

U>. Sfc*5feWTtt, AS 1 (OB^BttH 5 2 (OSftn 
filMs - t P i&^«2 0B£B{tll5 4 0BaniRff 

Ms • t p2 ^l 0-7 0 (t>?XhP-A-fX7) 

ossaftr, s^m i ommm&m 5 2 ®BfiftR£M 

s • t P i^6»2OB^«tt«5 4(0«aWRffMs • 
t P 2*3l^fc*6#ii*l2 (t>^hP-A-fX7) 

[0131] * (SB 1 OB£Bft Jl 5 2 (D«a»RJ9 
ivis • t P i) / (£S2(7>B£«ttji5 4(DBSiWlgJfM 
s • t p2 ) 0. 5 3 — 0. 9 5, *3Httl. 0 5 
-1. 8 0«HrtT»*Cfc*««kD#SU>. Sfc±E 
eSHrtT&oT, % 1 OB^SttlS 5 2 (OBAnRJPM 
s • t P i<t:m2(7)B^Bi4@5 4cOBmMRiPMs • t 

ptitmzi 0-5 0 (t>^xhn-A«fX7) coes 



Ms • t P i«^SB2(OBeei£H5 4(Oaa»RffMs 

• tp2*§|^fc«»«M:2 (t>^hD-A-7X 

[0132] 1 0itfitti 5 2 <tSg 2 C9B£B 

ttH5 4fC^aET5#«tt+IHB5 3©Rfftt, 3. 6 
-9. 6t>n ha-AOHSfflrtTft^^t^ffSU 
^ a C(^)»-e*ntf5 0 0 (Oe) &±<£>£&*££ 
B5f£f»S£<!:#T€rS. cfc0Jf*L/<tJ, 4-9. 4 

1 0 0 0 (Oe) a±<OX«IS&«»S»*Cli:*«Bri)E 

tf5 0 0 (Oe) K±(OX»j|S&B5!i*»SCt^pr« 
TW. iOffSKIi 100t>yxhD-AE(± 
T<J50, C(Dmfflfo-V$>tl\i 1 0 0 0 (Oe) &_Lc7)£ 

[oi 33] S7, 8izKT#$mmnm5 sc^jttc 

8 (CST <fc "5 KfflESB 1 <D7 'J -Bttli 5 6 tt 2 HT# 
f£2nTfc9, #»tt*W5 5JC«TS«JCCoR5 
7«$tm^ 0 5 5*C}gT S«fcC 

oR5 7**«f *ll:AMRS*S<t« 

:t »2rc*«ttw«»5 5t<z)itiii*i»jhrsfc* 

WBC o R 5 7 (OilCliN i F e 5 8 *i 

**S*TT^5. SSKMEN i Fe£&R5 8±(C 
(4, *Btt*IBJi5 9#»*SnT^*. ^bTSSE* 
Btt*ra0 5 9©±tCtt, fR2 0>7'J-BttJi6 
fi!c<*n, 3 6(C«rE*2O7U-Btt0 6 0±£ttTa 
&£-CMf&2tltz#mM6 l«^nTt^, MEMS 
2(07'J-ffltl6 Ott, CoE NiFe^, Co 
Fe&^ S£W4CoN i Fe£&&£T^£*XT 

[0 13 4] H8JcS-rT»)I5 0^6«»»6 1ST 

<oxe>;t^iit *oftiffi^tf»ffi{cffle>n, bje 

XhT>A;pyRtt#»ttT»J5£SnTtr^. WExt> 
A^RaffiflHcrau A- K 7X16 2, 6 2 
gmH6 3, 6 3W^ntM§o 8JEA-K/H7 
XB6 2J4, Co-Pt&ftKo-Cr-Pt&M 

[0 135] 07. 8K*TSSl«7U-BttJB5 6fc 
ft 2 CO 7 'J HBttJH 6 0 0W»Ctt#B1t +MJB 5 9 *W 
SU »ESBl07»J-BttH5 6t*2a)7U-Btt 
■ 6 0IR»C»41-*2*IS^B» (RKKYfflSf^ffl) 
ICckoT, WE^1(07'J-Bftl5 6(7)Bfbi:m2cO 
7U-BttH6 OOBftttS^JCSTfTttffl (7x'Jtt 
88) C&oTtr^. 

[ 0 1 3 6 ] 0 8 IC»f^K>Ai^BiR*Wlt 
«AtfSBlfl!)7U-Btt)i5 6©R»tFitt. ^2(07 



£. *UTffiffi2SSl©7'J--BttJI5 6<0Ms • t 
Fltt* *2<Z>7'J-Bttl6 O0Ms • tF2cfcOfc/hS 

|S»C/W7X«jf*«4i6n*<k, Ms • t F 2<D*S^ 
m 2 <07 U -BttJI 6 0 ©BfctfMEM-f 7XB#<0§£ 
•*SW~C> BSXlfrlSHCffl^&tU WE!B2<07U- 
«tttH6 0t©SaWS^«JP. (RKKY«5ftUfI) tc£ 
oT, Ms * tFi©/h;£^»l©7U— BttJiS 6(^)1 

[0 13 7] H*Y*[rI^6^«B**<«ALT<5 
»BWl07»J-«tt)i5 6tJB2©7U-«ttH 

7UH^J15 6<DfflftBfl:i. SfS2<DS£Bt4Jf 5 4 
<D@£B{b («AtfH*Y3EriaiiKJ**lftfc:«ft*nT 

tommz^xm^m^itL, ^ssb^© 

<0KJPt F i£, S&2<07'J-BttJI6 0<DWm t? 2 <om 
T£££PP$tC> ft3fc<t(2«Rg&cDAMR£^3C£ 

[0 13 8] (!gl<D7'J-BttB5 6<D 

R»tpi/*2<07U-«tt)I6 0<Z)BtlPtF2) ^ 

0. 5 6-0. 8 3, 2 5-5<DieBrt"C 

5 0 0 (Oe) JH±©«Jj«S*«**»-5C:t*«BlftT 
<6£o *fc*5MBT?tt, MB (*1©7U-Bttl5 6 

CDJgIS t n/» 2 CD 7 U -Bttd 6 0 ©KJI 1 F2) tt> 
0. 6 1-0. 8>3, *SW41. 25-2. 1 OSSH 

<tt>1 0 00 (Oe) «±CDS»*S£B#*»SC4: 

[0 13 9] (»l©7U-«ttli5 6<0lfiJptFi 

/^2<o7'j-Btti6 oo>mm t F2> a^-s* 0. 8 

3-1. 2 5©«B*l*ftUi<0tt* SSE^1^7'J- 

b^h 5 6 omm t fi 2 07 «j -b&@ 6 o (Dmm 

tn£W&&RV*T»tifetU ME* 1<Z>7 U -Bit 
15 6COMS • tFi£* *2©7U-BffiH6 0©Ms 
• tF2**HKHi;fiJcR^*tlSii:> A-K/H7X1 

6 2^6<0/W 7X«JK0»»*S»T, SK07U- 
BttH5 6i*2®7U-Btt)f 6 OOt'SfcOBffc 

MEA-f 7XB##fitCfa£?<hLTU£7/ia6, 
MB« 1 <07 'J -Bttlg 5 6 omittm 2 (07 U -Btt 

[0 14 0] mi<Dy^-m\tM5 6coK^M^ 

SMs • tFl<tm2c07'J-fi5tt@6 OCDB^WBI/PM 
Ctt&0fc<<, £fe$l©7U-Btt)g5 6©B^« 

ifMs • tFii:m2^7'j-iatt®6 o^bsiwkjp 



Ms • tF2^g5&^<3S:Or*Tt). £&*££B#© 
<07 'J -Btt® 5 6 ©181/1 t fi tm 2 ©7 U -BttJI 6 

(Hommtntvmmtttmc&oiz* (sgi©7U- ; 

Bttl 5 6 ©BSWKJSM s • t Ft) / (35 2©7>J- 
BttJl 6 0 (Dm%$}mM M s • t p 2 ) te, 0 . 5 6 - 
0. 8 3, 2 5-5©tgHrt<hT&£C<h 

Sfc*fSW-Ctt, (3S10>7U-BttJl5 
6 0lg«IfMs • t F i) / (Sg2©7'J-Bte/i6 
0©B§iW(^Ms • t F2> *<0. 6 1-0. 8 3, * 
25-2. l©«HrtT*£C£#J:0iJ* 

[0 14 1] ifc+fEWTHU £l©7'J-BttJi5 6 
t» 2 ©7 U -Bttl 6 0 t(DWtC^ffiTS#Btt*|Bl 
JI59&, Ru, Rh, I r, Cr, Re, Cu©5"£ 
1 B»£ W± 2 «£t±<0£&-C»j££ftT^5 CI 
JIK 3 6£ii&E#fitt*IW15 9©«fftt, 5. 5 
-10. 0 h ^ S 
U>. dO«fflrtT*ntf, 5 0 0 (Oe) KJLtOXft 
18£B#£»S£itfnrtBT&*. *fcflttE#Btt+M 
H 5. 9 ©SIJP&, 5. 9-9. 4^>^X hD-A©8l 

0 0 0 (Oe) a±<DX«iB&B»S:»S^t^"tf* 
3. fc;fc±EG>St«MBHl*?T> 21 1 ©@£Bttlf 5 2 £ 

% 2 <Dg£Btt® 5 4 ©Bwut, #m&*mm s 3 
s&Bttn 5 1 ©gyp, z & tciiig 1 © 7 u -Bttn 5 

Gfc»2<07U-Bttl6O<DBWUfc. fttf»Btt*M 

S5 9©gt^£$Ig-r -S^fC^O, [*]*£«© A 

MR (StS^ft^) Sr»5C<t^Blfig-C**. 
[0 14 2] *tc3Rffla<D*ffik:o^T»Wr«». H 

Bits 5 itcp t Mn^tt^wjaasis-rcit^ct 

0, *l©H^BttH5 2<!:©IMB(CTS!»ilS#BSF. 
(3S^S*ftB^) ^5S4r-5SaiBtt«ft*ffifflLT 

^s. c©fca&WE«iffla*(cwftir§B«©^2atf 

^(D^^^^iilEtcSfl^LT, mi©H^Bttl5 2& 
^S 2 ©S^Bft 1 5 4 ©Bffc#fl£««ET*#Ett# 

[0143] mz, m 1 ©S^BttS 5 2 COM s • t pi 
<D%$\ S2«ffitti5 4C0Ms • tp 2 i;0 ! fo^:^ 
H«£Kt±, WES 1 ©HSBttJi 5 2£Dlf^I?ilHfc 
l^lSjfC, lOO^lk (Oe) , *SW5k (O 
e) <DB»*WaTfttfJ:^. «AtfME»l<OHJeB 
ttH5 2*H^Y*|fi]tC|fi]ttfc^&6tf, 0^Y*f^(C 

1 0 0-1 k (Oe) (0B#£4;i£<, Ms • t P! cO^ 
S^»l<0H5fcBttH5 2<&Bfttt, B»*|Sl, "Tttt) 
^S^Y^fSjtCf^]^, S^Btl^S 1 <h<0#®T?e±T 
«2SE«IS^Bff (X»S*ttB^) tJ:oTl»ESBia> 
HSEBttlB5 20BftttH*Y»|p|K:H*Sn*. - 

SB2©B3£BttB 5 4 0[)B{t:a. »l»HSBttJH 
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5 2£<05afce£«# (RKKYfiSffrH) Ciot, 

Y^fitCSk (Oe) BLt<B«#£4;L£. !f§ltf>B£ 
BttS 5 2 <hSH 2 OSSItti 5 4 t a>SS«»^B* 
(RKKYffiSftffi) t4, lk (Oe) -5k (Oe) 
IKft^T, 5 k (Oe) Et±0)«»^B3ftlSn§c:t 
tc£0, meaSia>B£Bttll52(0Sft;&tf92(0B 
£«tt«5 4©«fttt*K:, BSY2Ffij£ffl<. 

ttftm i oB^Btt® s 2 0mm, E&m&m s 

1 £<D#STfg£T££&«S£B# (£&g#ftB#) 
£«fcoTH^Y:fr[pjKB5fc3ftS. 5k (Oe) 

«±<OB«#W0*&n5<fc, S2(DB)IBttl5 4(0 

^fb«> Mem i oHSBtt® 5 2 «fc©saue£«# 

(RKKY«5flUfl> iC<fct>T, H*Y^l5ltS»*lPl 

Kifijw-sftTBSsns. 

[0 14 4] £fc»l<0B5£BttJi5 2<DMs • t P i<D 
*2<Z)HSBtt)15 4<OMs • tpziOfe/h*^ 

«3\ mzm i ©a?t«ttiB s 2 <oBft*rpjM-fc^#iP] 

tE»*|S]*Cl 0 0-1 k (Oe), *fcttflJE»10> 
H5feBttB5 2 0B<b*|fi|ltfc^*lRlfc:5k (Oe) 

±©sw*Bi»iTntf «t 1^ fi^ffiB 1 <os£Bffii 5 

2£BSY>fr|filClSttfc^&6tf* B^Y^fcRtt^r 
fate 10 0-1 k (Oe) CtttCcfco 
T, Ms • tP2<7)*€r^*2(0@^«tt«5 4©«{k 
*4, iftEB^fa, Tft:to%H«Y*l»ltRJ**l^(C|Sj 

wem2fl!>B£ai£S5 4&s9usda» (rkk 
Yffisf^ffl) tc j^t^es 1 v>m%m&m 5 2 ?>Bfb 
ttH*Y*is»cifiiW'&n5» fuiESg 1 oB^Btt ji 5 2 

B# (£&H#ttB#) KioTBSY^IfiHCBJfcS 
*X, Sg2 0DB£BttJI5 4<£>B{bte, Y ^ifiltK?* 
*l«»cBSS*i* 0 &£W4, H*Y*|pjJC5k (O 
e) &±OB#*4A€>n«<k^. 5k (Oe) «±<Z> 

ctfcto, ?g 1 oB^Btt s 5 2kx*sh 

2©B)£«ttl5 4<OBfbtt*K:BSY*ffllC|pItt6 
n, B5rE^l(OB^Btt®5 2(7)B{b^ E&BI415 

TB^Y#fi(CB5££tl£o 5k (Oe) £t±<OB»J&< 
ftOHfoWlSi:, B^YJ6rlPltC[S]W<&nT^&»2<OB 
£Bttl5 4 0B{b(4, ittE%l<0B£flBttJB5 2£0> 
£&&&B# (RKKYfflSf^ffl) iCcfcoTB^Y^fi 

ts#*iaHcfiW6nBSsns. 

[0 14 5] HSX*|fij»tfBSY* 
tS]£IEtf)m B*X*r&ltS»^RtfB*Y^4: 
E»#fl£A<0#fl£Ufc»£, *1<07U-Btt«5 

6 0Ms • tpi£*2®7'J-Bttll6 OWMs • t F2 
£JSb$fc>-tt£, ^*>«>*&]«Ba : E-/>hO«»ffl 
14, m 1 0)B£Bf4 @ 5 2 COM s • t pi£:§S2 cdb£B 



(Ms * tFi + Ms ■ t F2> / (Ms • tpi + Ms • t 
P2) |>l?*5ut*«(fSLK 

[0 14 6] Hl©7'J-Btt)i5 6<!:»2<D7U-B 
ttB6 0i(O^Bm : E-^>hc7)^M^, ^1 (OB 
£Bft® 5 2 t » 2 CDB£BttJf 5 4 iOMiM^" 

<07U -BttH 56tm2(07'J -BtfEl 6 0 CDB{b 

2Sl(£B£Bttl5 2£!g2COB5£BftJi5 4<hcD 
^Bm ; E-^>hC7)^S^^ttC<<^0, ffiE£l 
<D7'J-BttB5 6atf!B2«)7U"«ttli6 0<DBfb 
^aSB#JC»UT«*A<. EMEU ai*£rS]±£-£ 

[0 14 7] B9*4, **W<D»5©*«^JB^fcr> 
A^yfflWRS^SttSCBW^iSLfcMWrffiH, BIO 

3#fiiB^ssfc»^<D«ffiBT»*. :oxe>w 

fflWRSlH^ B7. SKSfxewwr/fiBBS^ 

TJfcJ17 0, S207'J-B(M7L #Btt+MB 7 
2, miC7)7'J-BttS7 3, #Btt«*B7 6. SH2 
<DB£BttJf 7 7 , INBtt4>BB 78, ^1 <DB£Btt 
179, ^ilttl8 0, KCKRHB8 KOSTMBd 

[0148] fftlSTJfeJi 7 0 Rtf««B 8 1 f4WA tf T 
afc£*-C*l£SnT^*. i|fJEE3$BttJf 8 0 t4, Pt 
M n nt^5 : t»S I PtMn£ 
&I4, «*^6E»BttB<i:UTffiffl3*XT^SN i M 
n^^FeMn^^<hlCtt^Tffl^ti(CSn, 
feyn<y*>yfi«3&«Sf<, S«lfc£B#fc**^. S 
fc#5S9ra4, ffirEP t Mn^fCf^AT, X-Mn 

(fc*:LXf4, Pd, I r, Rh, RucD^Ttl^lffl 
*fct4 2««±07C*T*S) *£W4, P t- 

Mn — X' (fcfclX' (4, Pd, I r f Rh, Ru, 
Au, Ag©l^Tn^ia*fct42aJEt±<7)7C*T* 
5) #&£ffifflbTt>«fcK, 

[0 14 9] mKDffifemttiS? 9&tf*2(DBeBtt 
17 7(4, CoB, NiFe&fe CoFe&fc &3 
WCoNiFe&44(!:f»«4nT^2>, ^Ac*B 
tt^rpll 78 14, Ru, Rh, Ir, Cr, Re, Cu 
<D O % 1 B»S ^t4 2 l^i^TM^ntl^: 
fc*<#£U>. *6«C#BttW«B7 6ttCufti:-CJB 

[0150] ^rcB9, i ofcs-rxt:>A;i/^asswB 
^Tt4, i oB^Btti 7 9 <nmm t?o / m 
2 <D®&m&® 7 7 v>mm t P2 ) t4, o . 33-0. 9 

5, «5W41. 0 5~40®fflflT&£C£;W£l, 
<, L*^*l©B3tBtt)17 9 0IR»tpi&^»2<Z) 
BSBttS7 7(OKiitp2t4*tCl 0-7 0^>^Xh 
a-A<OS5Hrt"e*0, jat?, t^lOB^Btt!7 9 
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TamicB»Tntt, soo (oe) &±<os»iBS-« 

[0151] S b Kl*»WCtt. (£ 1 ©@£BttJI 7 

9<^KiPtpi) / (m2<D®j£m&m7 70mm tn) 

tt, 0. 53-0. 95, &SW41. 05-1. 8 (D 

ttJI 7 9 <£>IP£JP t pi&tf |g 2 £>B£BttJI 7 7 ©Rip t 
P2 t4*tC 10-50t>nh □-AODffiS^-Cfe 0 , 

|»10BJ£BttR7 9 0R»tPi-*2<DB£ 
Bttl7 7<DiW"tR I ^2*>^Xha-AfcUiT& 
5£i*<<fc0»£.U>. ±BttBrt-eiIIEJ;:B»*n 
tf, 1 0 0 0 (Oe) «±<0£»»£B**»*£fc** 

[0 15 2] ffli£Lfc±3lc, fglcoB^Bffif 7 9(7) 
B^WRJfMs - tpit*2<OH3£Bttli7 7(0«StW 
ifMs • tn\ztozmx&iM*^t* Bfttt«H7x 
U*»CJ4ttO«C<<, *fc*l<DB£BttB7 9©B 
^WBWMs • t P i£:fg2<Z>@£BffiI7 7a)BisnR 

»ms * tP2oa^#<fto-r«fTfc, 3E«e-&«i?- 
i a>s£flsttn 7 9 <Dmm t?\tm2 omfem&m 7 7 

omm t pi t <0I8»Jt (h^Dcfc-plC, (Si © H5fe«tt 

17 908swifMs • tpi) / (m2<D®fem&m 
7 7 <Dm%mmmM s • t P2 ) \t, 0 . 33-0. 9 

5, »*W41. 0 5-4<286fflftT&£;i<!:;W : £ L 
*&#389m4, »1 ©BfcBttB 7 9 <0B«W» 
/IMS • tpi&^*2 0!)B3£«ttli7 7<DB«WR»M 
s • tp2**l 0-7 0 (t>Wha-A • rX7) © 

iBffl^T, &z>m 1 ©b^b^i 7 9 <Dm%mmmM s 

* tpiA'&S2©B3tflBttje7 7<oB$a;nswMs • t 

[ 0 1 5 3 1 *fc (* 1 (DHeiBttJe 7 9 ©BglWISIJP 
Ms • tpi) / (fg2(DB£Btt/f 7 7 <7>&mMJK/f£M 
s • t P2 ) **; 0. 5 3-0. 9 5, *£l>ttl. 0 5 
-1. 8©«HrtT*^d<!:*<«t0ff*L^, *&±E 
BBfTCfcoT, ^KOiSl»i4I7 9cDBIaWffitJiM 
s ■• tpi&£2®B£Bj£B7 7 0JBSttRPMs • t 
P2 (4*IC 10-50 (t>yXhD-A-fX7) Oig 
BftTifcO, l/*t>*l<Z)H^«ttJi7 9<DBa«(8IJ¥ 
Ms • tpij4>S»2<0B£Bttl7 7<0B»ttR»Ms 

• tP2S5l^fc»»tttt2.(*>yxha-A--rX 

[0154] SfcJB 1.<Z>B£B&R 7 9 £Sf§ 2 ©B£B 
ft!7 7 tOWlC^fiEl-S#«tt+BIJI 7 8 <Dmm HU 
2. 5-6. 4, **W4* 6. 6-10. 7*>^X 

*n«soo (Oe) £UcEfc*fc£B#*»*£fc# 

«t0ff$U<(4, 2. 8-6. 2t>^XhD 



-A, »£W4 6. 8-10. 3^->^X Sn-AC0ie 
HrtT&D, COiSBftX&ntf 1 0 0 0 (Oe) tt± 

til 8 0 ©RWi* 9 0*>yxhn-AKJt7?*SCl / " 
£7W£l^„ C(7)$ggftX&nt45 0 0 (Oe) fiJU 
<0£»e£Bjm»££<fc#^teT*<5. £0#£L< 
tt, 1 0 0*>^XhP-A£U:T*?K C(0$5Bf*lX 
*fttf 1 0 0 0 (Oe) Ek±<D%itm&mft$:%Z>ZL£ 

[0 15 5] Bl 0(C^TXt!>/\VI/y^R^-C 
(4, 7U-ai4®^2^(^Sfr$nT^^nT^0, 
#«tt«*II7 6tCST^«tcmi^7!j-^1il7 3 

andean, *>3-;fr<&7'jH8itiB#> S2©7«j- 

IttI7 1t&-3WS, Bl 0 fc*-T<fc 5 ICS 1<0 7 

u-«ttB7 3*42«r»ritanT*o, #Btt*$m/i 

7 6KjgT5«fC»)££n;fcJ17 5f4CoRT®jBS$n 

tt^, sfc. #«tt+niB7 2Jc»Ts«k:»j5Ean 

fcB74£, ^2 07'J-Sttl7 1(4, WAtf, Ni 
Fe^, CoFe^, *S^I4C o N i F e 

[0 15 6] Bl OtC^f Ti&H7 0^bM18 1 £ 

>A^:/R<Z>R«;:tt, A-H/H7XI8 2, 8 2& 
8 3 . 8 3«$tlT^^ 0 bSEA-KA^ 
7X1182*4, Co-Pt&^Co-Cr-Pt^ 
&£TJf£J*3nT;fcD, £fc«Jfi««)l 8 3 ti, Cu^ 

[0 15 7] Bl OK^TSl<07'J-Bffif 7 3tm 
2<07'J-BttJi-7 l©P B 1[Ct4#Btt*F*1Jl7 2tWW£ 
U «E*lO7U-«ttlB7 3t*2C07U-«tt)i 
7 lF^Cfg±T££&*£^B# (RKKYttlffffl) tc 
4oX ME*107UH^B7 3<DBfcilB2<D7 
U-BttH7 1 ©BffcttE¥frttB (7x'Jtt§g) £fc 

oTU6. Bl otc^rxe>Avuy^R^xt4, 

0I^tf»l©7U-BttB7 3 0DRBTFi-tt* S2tf)7 

u-asttB7 i©R/STF2j;o**<*jsiEanT^s s 

*UT89ESl<Z>7»J-«ttJ17 3(DMs • t F i*4> % 
2O7U-Btti7 1(0Ms • tF2<fc.O*>**<3S:SJ: 
5tClg££ttT£D, A-K/H7XI8 2^6B^X 
^[pJ(CA t -T7XB#^x.^n^ < h, Ms • tFiCO*:^ 
^% 1 ©7 'J -Bill 7 3 <D«ft;ji«H9EA< TXB^co 
BWZSirtT, B*X36r|fiHc»i6n, ME3S1«>7U 
-BttB7 3t©Sf*IS&«# (RKKYfflSfEffl) (C 
cfcoTM s • t F2 <D/h$(^2tf)7 1 J--BttJI7 I (DM 
ftttB«X*I^ItR»*laJk:fiJA6n5. tt*5*fBWt? 
(4, Sl<07»JHBttB7 3<D!BJptFia** »2©7'J 

-«ttB7 i<ow»t F 2«tb'b/h3<WB)Ean, mes 

10)7U-BttH7 3<OMs • tFi* t *2©7»J-Btt 
H7 lOMs • t F 2ctO : b/h$<IS;^anT^T : t)cfc 
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[0 15 8] HSY*fp]^"5^««**««ALT<5 
<h, IMBJBl(07U-BttlI7 3i»2©7U-«ttJi 

7U-«ttl7 3«)«{b*lPjt, ff!2<Z)@£Bft!7 1 

7 3(ORWTFit. *2(07U-»ttJi7 KOBMTf: 
aWWfcSBjEftlU ±0*S&£*B£B#£»*£ 

[0 15 9] *j8KTtt, (»10>7'J-BttB7 3<D 
BWtpj/»2 07U-«ttH7 l<DRfftF2) ^ 

0. 5 6-0. 8 3, *£W41. 2 5-50>t5fflftT 

5 0 0 (Oe) a±(03SE!j|»^***S«^t^l6T 
£5„ *fc*5BWl?tt, StrfS (»107'J-Blti7 3 

0>JglJf t Fl/fg 2 07U -BttB 7 1 t F2) 

0. 6 1-0. 83, MW41. 25-2. 1 (DCSH 

<i:t>iooo (oe) &>±<Di&itm&m&&nzct: 

[0 16 0] Sfc, Sll©7UHBttJi7 3«>K««R 
JPMs - tFi£*2<D7U-«tfc»7 1 0>B^«f§riPM 

s • tniz»z>mmm&te^£. Bft#sgtt7x»j*taB 

fcttfcDfc<<. £fcSl07UHB&B7 30>Bgtt 

ifMs • tpi«b»2<07y-BttB7 l©BftWRJP 

Ms • tnois#**<fc0-rrrtK sejms^b*© 

©7 U -Btt Jl 7 3 (7)RJP t fi tm 2 <D 7 U -BttJl 7 

ion tntvmmittmc&oiz* (si^7U- 
b&s 7 3 (Dm^wmmu s • t F i) / (*2<&7»j- 

BttH 7 1 O^W^JPM s • t F2) fct, 0 . 5 6- 
0. 8 3, »5WJ1. 2 5^5<0«HrtT»SC(h*< 
flFSU*. (Sl(07'J-lffl4l7 3 

(OB^WBiJPMs • tFi) / (*2 0)7'J-«ttH7 1 
<Dm%Wm&Ms • t F2> ^0. 6 1-0. 8 3, 
Wil. 2 5-2. l<0ttHrtT**£i#J;Off£lx 

[0 16 1] Sifc*«9lTMU *107'J-Bttfl7 3 
tW2<D7U-«ttJi7 1 ta)M^aT5#«tt+Pfl 
H72te, Ruv Rh, Ir, Cr, Re, Cu0^ 
•'l«»«^f±2«JK±(0^4T»JSESnT^*Ci:AW 

sercMe#Btt^mia7 2c!)awtt. s. 5 

-10. 0*>yxhn-Aot8HrtT»s^t*»S 
U>. ei<7)®HrtT*n«, 5 0 0 (Oe) &±<035* 

JB7 2<DRW4. 5. 9-9. 4*>^X ha-A£>IB 



000 (oe) Ek±<D&gkm€tmx-&ft&£ turns 

5o 1 <0H50KttH 79^2 CD@£BttS 7 7 

©WPtt, #«ttfW)B7 8S^R3SBtt«8 0OK 

^ ^>fCtt. »l<07U-«ttH7 3 £312(7)7 U- 

bi±H7 1 tco^jpit, ar«t«tt+iHH7 20mm 

[0 16 2] *l*J»»Jl(D*ffik:o^TRM-r-5. <£ 
\Z, &l<Dmi£M&m7 9(DUs • tpifl)***, 312 0 
SSM7 7 0Ms • tp2 < t0t>*#^«&Hfi, 
E« 1 <0@£Bt4H 7 9 OBffcSlfijttfclr^lfilt, 1 0 
0-1 k (Oe) , »5^i5k (Oe) ^^^^ 
ntfAK micO@^Btt®7 9COMs - t 

Pltf)^ ^2(DI£lSttl7 7 0Ms • tp2<fc0fc'h 
WESSl<OHSBttS7 9(DBft*^tfc^ 
^filtRM^mzi 0 0-1 k (Oe), SfcfcttMEIS 

1 <D@£BteH 7 9 ©Bfk*rSlfrtfc^*|6jtc 5 k (O 
e) H±(Dl^*W^ntfi^. *5BWc43^TfcL 
AOEIS 1 <7)@£BttH 7 9 WBftlt B* Y^fllcBS 
£tU S9E3I 2 7 7 <DBftttB* Y^ffili 
R#;£ft£B5£;**TO>5. *'*^ttflWBSl©B«B 
ttH7 9©Bffctt, H*Y*f6|i:R»JSrfS|«CH*Sn. 
ME*"2<0H*BttB7 7<DBffctt, 0^Y#[rJ(C@£: 

[0 16 3] i*X*ARtfBSY* 

ES*fl6&fi!)*fli:l/fc*^ mi<D7'J-BttS7 
3(DMs • tFi<fc»2<07»J-BttB7 l©Ms • t F2 

ft, mi?>S£BftJf 7 9<OMs * t Pi <h1g2tf)@5£B 
t£17 7CDMs • tP2^JSU^it^^«^-^> 

(Ms • tFi + Ms • tF2) / (Ms • tpi + Ms * t 
P2) I > 1 T*5C<fca*SF£Ut^. 

[0 16 4] SBl<07'J-BttJB7 3£*2<07>J-B 
ft* 7 ltO^J«Ba : E-^>hO«»«S, HI 1 CDH 
£Btel7 9£|g2 0@£Bt4Jl7 7<h<O^B^- 

07U-SI417 9<h, ^2(7)7'J-Bttl7 7C0B{b 
Kfi* »10H3tBttH7 9t»2 0H*BttlB7 7tO 
^«B« ; e-y>KO*»e2WfC<<a:r). MEftl 
©7'J-Btt)B7 3StX«2(D7 l J-BttlBI7 1 ©Bfc 

[0 16 5] @l itt*5BW(OSB6(D*JS»!Bco^fcr> 
^^yffl»R*^fl!)|(liBfta't«KiBHr*0, 012 

BRX^tt, 7U-BttHft+'tlCUTt©±Tfc#B 



[0166] hi 1 2^rmtrm\zm&^tix 

t^lte, Tfft/f 9 lt?*D. £a>T»Ji9 lOJiicJg 
&&ttJI9 2, (T) 9 3, #«tt* 

Psii9 4 (T) , m2<D®fem&m m 95, 

$tI9 6, »20>7>J-Bttli9 7, #B1£<t'MJIl 

0 0, SBlfl!>7<J-«ttH:l 0 1, #IMtI10 
4, £2 0B£ttttJI (-t) 10 5, #att(fmJI 

(±) 106, SI ®B£8ttJa (±) 10 7, J£&& 
tt/I10 8, ^«1110 9«$nt^ 

[0 16 7] *TttWCO^TK?Br«. S*»tt)B9 
2, 10 8H P t Mn^-ej^ritStlTtr^Clt^Jf 
PtMn&fttt, ffi*a>SE£«tt«£LT« 
fflSnT^^N i MnS4*F eMn£&&£K*t^T 

SfJlBP t Mn^&tCfULT, X-Mn GfcfLXH P 
d, Ir, Rh, Ru©^^1"n*ua*fctt2aJBl±<7> 
7C^Tfe6) **W1 Pt-Mn-X' 

LX' «U Pd, I r, Rh, Ru, Au, Ag^f 

[0 1 6 8] SBKDHfflBttH (T) 9 3, (±) 10 
7, &tfft2 0B&BttH (T) 9 5, (±) 105 
H, Coi, NIFeft*, CoFeftfc *5WiC 
oNiFe&Mi:TM$nT^o *fc»l<Z>B£ 
«tt» (T) 9 3, (±) 1 0 7£*2©H£BttJi 

(T) 9 5, (±) 1 0 5Pfl(C»rtatlT^S#«tt* 

nna (T) 94, (±> io6Rtf»i<o7U-«ttn 

1 0 1 t»2©7U-ittB9 7WtC»i5£SnT^5# 
Btt+RHJll 0 011 Ru, Rh, I r , Cr, Re, 
Cu<D55HI**Wi2 a&Lt^&T^fS £ flT ^ 
SC<k3*««F*L^. S6lC*Btt*«SI9 6. 104tt 

[0 16 9] 01 l\Zffi?£o\Z* »l©7U-«ttH 
1 0 lUtf»2©7 , J-Btti9 7tt2Ji"t?*flEanT 

1^, #iMii9 6, 1 0 4*cttT*«ik:»j«an 

tSl07'J-Bttil 0 1C011 0 3»tf»2<07U 
-8tti9 7©H9 8t4CoRt?»rtanT^^ * 

*«tt+MBi 0 o^i/TMsntv^ai© 

7U-Sttll 0 ■1C11 0 2Rtf»2©v''JHBttJH 
9 70H9 9H NiFe^, CoFe£ 

& iSlr^UCoN i Fe^ft^M^ntt/^. 

#mnmmm9 6 f 1 0 4»carr*]i9 8, 103* 

A^#BttWflH9 6. 10 4<h©i£f8£l£±T£C:<h 
[0 17 0] ^*cftH©RJS©aiE«HJC^l>TRWr 



5. S-f7»J-«tt)i<Z)T«(C»«anT^SSl©H 

(T) 9 3co^Jf tPi<h, ^2cDB£&te/i 
(T) 9 5®RJ? t?itomMit, S(/7'J-SttlW 
±«K:»^SnT^53B10H«BttJB (±) 10 7C0f 
R«tpi£:*2<0B5g«ttB (±) 1 0 5 GDIgiJI t e 2 £ 
©fgUPtfcti, (£ 1 tf>B£&ftl (T) 9 3, (_t) 1 

0 7 ©SUP t pi) / (£2<Z>B£8ttlI (T) 9 5. 
(±) 10 5 <Dmm t p 2 ) tt, 0 . 3 3-0. 95, * 

S^ttl. 0 5^4©«BrtT*S£<fc3WffSL<, 0 
Sl^itti (T) 9 3, (±) 10 7W 

n2<Dsim&m <t> 95, <±> ios^kjwi 
ftici 0-7 o*>^x Kp-A<o«H^"r^j5san, 

flo, l*10HS»ttH(T) 9 3, (1) 1 0 7(0 
RiP t pi-» 2 (TDS^mttg (T) 9 5, (±) 1 0 5 

£jWff£U>. ±E«HrtT*ntf5 0 0 (Oe) Rh 

[0 17 1] *fc**MTtt, («l^H5t«ttH 
(T) 9 3, (±) 1 0 7<Dmm tpi) / (!&2<DB£ 
ttttJB (T) 9 5, (±) 10 5<ORiptp 2 ) (1 0. 
53-0. 95, &3Wil. 05-1. 8©«SHft"C 
WCiW^L<> L*>*>, SlDBftSttJe (T) 
9 3, (±) 10 7RtfJB2OHS«ttJi (T) 9 5, 
(±) 10 5CDRW1 0-5 0*>^X bu- 

(T) 9 3, (±) 1 0 7<DRJPtpi— »2<OH£flStt 

1 (T) 9 5, (±) 1 0 5(OB£JP t P2 I ^2:*>^X 

■csntfiooo (oe) tt±<ox«MS^«**»sc: 

[0 17 2] tC5T. *58WCtt»ifiLfcJ:5tC. 5 
*«ttH9 2, 1 0 8 tltPtMnSft&£, SlW 
®fem&m (T) 9 3, (±) 107t^IT^M 

*StT^K!fc«tt»ft*tt»LT^5. L^U 7'J 
-«ttH«fc 0 t>T«»C»ri6SnT^4E3»Bttl9 2 t 
m 1 ©H5£«ttH (T) 9 3 £<D#ffiTfcL ^JStc^cO 
*Stt*«3B± l^T < jftttttfl#<»£ 3 ft*f < fc o T ^ 
3&«(C, ME8l0>H£att)g <T) 9 3<hLT«flg 
-r^^W^KIP^^coRiPtpicfcO : t>»<)ioT^ 

J56StlT^^ (^lcoa^ffittl (T) 9 3(OR^tpi 
/SB2<0B£«ttJB (T) 9 5<7)R^tp 2 ) ^, 7'J- 

(±) i o 7<omm t P i/^2o@^«tti (±> io 
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[0 17 3] ft5i$L*rJ:?tC> ilO)I£Bttl (T) 

9 3, (±) 1 0 7(DiBgMlSMs • t Pl{ hm2<OS 
£BftH OF) 9 5 , (±) 1 0 5 OBSCMRJS M s • 

fc0fc<<, S«SlG>B£BttJi (T) 93, (±) 

10 7"©8a«RSMs • tpi£SS2.<0B5£BttJI 
(T) 9 5, (Jt) 1 0 5<DB^WRJ?Ms • t P2 OM 

9 T^TtK «*I^B#<0«T£o&#D 

ff*L<ftK -tcr*awTtt, mi<7)@£Bfti 

(T) 9 3, (±) 1 0 7©RJ»tpit*2 0!)H£«tt 
Ji (T) 9 5, (±) 1 0 5©BWtP2<OR»JttHi; 
J:5K:> (JBlOH5t«tt*.(T) 9 3, (±) 107 
CDB^WR^Ms • t pi) / (3g2®H£ttttJl (T) 

9 5, (±) 1 0 5 (DBIaWRJPM s • t P2 ) te> 0 . 
33-0. 95, 0 5-4tf)jgBfti:T& 

6£fc*«ff3:U>. !gltf>@£Bttl 

(T) 93, (±> i o 7 (Dm^m^mu s • t nRzs 
m2a>m&a^m m 95, ct> ios©«s»i 

JPMs • tp2*« 10-7 0 (t>^XhD-A-fX 
7) or>ffiSf*?T. OHSStt* (T) 9 3, 

(±) 1 o7 0)m%mmmMs • tpiftt£»2<z>B&K 

ftl (T) 9 5 , (±) 1 0 5 CDB§[WR/PM s • t P2 
[0 17 4] Sfc (SlOBeB&ff (T) 9 3, 

(±) io7<&b»»r»ms • tpo / (^2^©^ 

B£H (T) 9 5, (±) 10 5©«a»IWPMs • t 
P2) ffi. 0. 5 3-0. 9 5, 0 5-1. 

80ttBrtT*£££#J:Dff$U>. *&±E<eBl*3 
T*oT. SfSltf>B£BftJI (T) 9 3, (1) 1 0 7 
CDB^WRJPMs • t?\tX2<DBim&M (T) 9 

5, (±) 1 0 5 0)m%mmmus • tpjtt*«ci 0- 

5 0 (t>^hD-A'fX7) tf)S5BrtT*D, ^ 
*fe«l©H^«tt» (T) 9 3, (±) 10 7(DS^ 
MR0Ms • tpp&>SS2 0>B5fcBttB (T) 9 5. 
(±) 1 OS^aaWIWiMs,- tp 2 *5l^fcttJ*tttt 

[0 17 5] ^U-attHctOfeTW 
tC«j£SnT^SSU0>B£BttlB (T) 9 3<h!B2<7) 
@£BftfS (T) 9 5 0B»C^«EfS#«tt+M)i 
'■' (T) 9 4 (DRW*, 3. 6-9. 6t>^hD-A 
©KlftT*SCtWffSLK C0)e8BrtT&ntf5 
0 0 (Oe) «±0&»llteB#«»3 
«k0»*L<tt, 4-9. 4*>yxba-A(936fflrt 
T*0, £<8«BrtT*tltf 1 00 0 (Oe) «±<D5e 
Ct«nii«BT*5. £fc7'J-BttJa 



0 7t»2©H3£BttB (±) i o staraic^s-r* 

#fitt+IWIi (±) 2. 5-6. 4* 

>^XhD™A, ££W*6. 6-10. 7^>yXh 
□ -AO«BrtT*£C<!:]&*ff£l,^. caUHBrtTS 
5t*&<tfe5 0 0 (Oe) K±<B3E*fc£B#*» 
SdttfpJffiT**. *fc, 2. 8-6. 2*>yXb 
A, *3Wi6. 8-10. 3^>^X bD-ACD 

1 0 0 0 (Oe) KJiOS£«ll&B**»SC<t3&«"C* 

[0 1 7 6] «SSlC*ISWTtt, KttBi§:J19 2, 10 

8<0RJ|£fciu 1 0 0*>^X bn-ASKt-etoZCtfi* 
ff£U<, iiift5£&Btt/I9 2, 1 0 8^100t>^ 
X hn-A&±T^-f £C<htC£9, 5 0 

o (oe) £A±o&m&£mR$:mz>c ttf-X?$Z> 0 * 

fc*«9J-CfcL iufieS&Btelf 9 2, 1 0 8 OR/p£ l 
10t>^XhD-A^±-CMWl '>&<<bt>l 
0 0 0 (Oe) eiiOSSSIIS^BSSSSCt*^* 

[0177] ^fc*^^T(i, *1©7'J -BttB 1 0 
l<D@UP£tFi£U 82 07UHBHtl9 7©RIP* 
t F2<t Lfc«3\ (S 1 0)7 'J -Btt» 1 0 1 ORJP t 
Fi/*2©7U-Btt»9 7©RJPtF2) fcL 0. 5 6 

-0. 8 3, 2 5-5GDg$Bl*3T&££<h 

W^l^o dcD®B^r*6<h5 0 0 (Oe) &±£D 

I©7»J -BttH0>R»/S 2 CD 7'J -BttJf ORJP) 
tt, 0. 61-0. 83, 25-2. 1© 

1 0 0 0 (Oe) a±(DX«e^B**#5Ct39« 

[0178] »lfi)7'J -BttJB 1 0 1 0B^W 
RJffMs • tFifc*2<07UH^B9 7©B«HR» 
Ms • tF2£»*g««rt«fc^i, Bfctt»tt7x'Jtt 
BWitt0(C<<. *&*l<D7L)-BttHl 0 1<DB 
^WRJPMs - t Ft ^2(D7'J-l3Sttl9 70SgW 
RJfMs • tF2<2M^*£<&9T^T*>> 3&*S£B 

SfS107U-Bt4Hl 0 l<DRJPtFit!B2c07'J-B 
ttH9 70RJPtF2tOR»tttHi;j:'5t. (Si© 
7'J-8ttil0 1Oia«BfMs • t F i) / (»2 
CO 7 U -BttH 9 7 OB^«R/PM s • t F2) it* 0 . 
5 6-0. 8 3, 2 5 - 5 08SBf*aT&& 

:i*t»*LK ^fc*^QKH (^107'J-Btt 
1 1 0 lcDB§t«RJpMs • t fi> / (»2©7U-B 
9 7 (DBftWRJPM s • t F2) #0. 6 1-0. 8 
3, 25-2. l(Z>«Bl*3T»*Ci**<t 

[0 17 9] Sfc. mi(07'J-BttJai 0US2O 
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&£<h, 5 0 0 (Oe) £t±0)SElft»^«**fl*Ci 
tfpjflrc**. $fc, 8aE#«tt*P»1» 1 0. 0 <0R» 
Ji, 5. 9-9. 4^->yx ha— A<D$8Hl*3T&3£ 

[0 18 0] Sgl£>@£Btt® (T) 

9 3, (±) 1 0 7 tm20)ffifem&S (T) 9 5. 

U) 10 5&<DW«fc, g§ltf)S£Bte/f (T) 9 
3 , <±) 1 0 7 fc*2 O^SBttli (T) 9 5 . 

(±) io5, tmik+wm <t> 94, u> 10 
6, RtfR&mfkm9 2, 1 0 8<Dmm, a sea, % 

l<07'J-Bttll 0 liaS2<D7U-BttJ19 7(0$ 
[0181) §11, 1 2 (C^Tt^TJI/X 

fc»j5sanT^s»2<7)H^flattH (T) 95, (±> 
So cn«7 n- Bttn^ig 1 07 «j -BttJf 10 it 

f&2<D7 } ) -m&m 9 7 0) 2 m\ZftVfi2tlTMtiL2tlT 
£0, ME»i©7»J-Btt)li 0 io*fl:£S&2t&7 

So 1. l2tc^-TJ:^i^ »1©7'J-B 

ttl 1 0 io>«ik*«H*x*iSitR»*^ic«ft:snT 

K&bTZb* ME*l<D7U-BttBl 0 lfc<0&ft 
*S&B# (RKKYfflSflsffl) ICcfc^T, »2©7*J- 
BttJi9 7C!)«fl:tt, H*X35lPlfcHfkSnfcttlBt* 
f»E*lW7U--BttJil 0 lfttf*2©7 
l>H^19--7©Bfttt, 7x'JM$KM^, * 

[0182] H 1 1 , 012 l;STfa7^ tf WW 

^iuw^feotii -s i©7U -m&m 1 a 1 <*> 

«fKRtfW2C!)7U-«ttJi9 7©«ftli*fcAMRIC 
M^TSlt^oT^O, MfiSl0)7'J-BttJll 0 
lfttf*2<Z>7«J-«ttJB9 7<0*B«fti:, SSI 2 CDS 
£BttH (T) 9 5, (±) i o 5cos£B{t;<htf>IIS& 

T«asft3j«*fl7r5. ^^xewwysw** 
u-«ttj> i o i tm2<D®fem&m (±) 105 t<o 

ttSHEffcfttf. *2 07'J-Bttlf 9 7£»2<D»fcB 
ttJi (T) 9 5t©Btt«fb*t, *tHUS6ftftS«* 
±5fc MESB2 0)H£BttSI (T) 9 5. (±) 10 

<D7'J-BttlBl 0 l<h!SS2co@£Bffla (±) 105 
£0tttt«ft#J6*fcfc*i*. SB2(07y-att)B9 
7tS2(D@5E8tt@ (T) 9 5 fc0fittWb&»*K 



&S£7lCU miCD7'J™Btt^l 0 ltm20®fc 

m&m (±) losi^ffittjefb^a/N^sta. * 

2<07UH8ttll9 7£*2(&Bl£fittl (T) 9 5£ 

[0 1 8 3] cfcoTHl 1, 1 2(CSTxa.7^Xtf> 
/NVl^^aailRS^-Ctt, m 1 (7)7 U -BttH lOltS 
2 <D 7 'J -BttB 9 7 <0Bft**E¥fT£Bffc3nT^£ 

m2<D®%.m&m (±> 1 o 5oB{fc<hsg2<z>@ 

£BttS (T) 9 5<Dm{t&K\,ytzE&tljfa\zmftTZ 

S2(oaeBtta (T) 9 5©«ftt, ^2^s 

£Bt4H (±) 1 0 5<0«fkt*E»^K:iFlfrtTH« 
[0 18 4] £?&WU£m\tm<DMs • tCOWIl 

7 u-«ttHJ:o fe±fl»c*jBKanT^sa i ct>@£b 

ttff (±) 10 7 (DM s • tpiS, ^2 0MttI 
(±) 10 5<7>Ms ■ tP2«k9t>*#< U IO, 7 'J 

-afflict o t>T«Jc*fieanT^s* i og^Bttn 

(T) 9 3 COM s * tpi*, !il2CQ@£®tejI (T) 9 
50Ms • tp2*Dt)/ha<TS*\ 7'J — 

B&JI «t 0 fe±«c»flEatlT^5» 1 £>@£Bftli 

(±) 1 0 7 (DM s • t pi.*:, fg 2 tf)©£Bttlf 1 0 5 

(±> <OMs • tp2cfc0*>/M*< U 7'J-Btt 
)B±0feT»C»J«anTV^tBl©H««ttH (T) 
9 3 (DM s • tpi*. §§2CDg£BttJi (T) 9 5<£M 
s • tP2cfc9fc*S<TS#ga**£. 

[0185] #589m±, E&BttH 9 2, 1 0 8 ^1 
TPtMn&ft&i'ltt'fTZ-iP ORffiS) ^jst- 
<htC<£9, Sn<8B£Bttl (T) 9 3, (±) 107 

LTt>s<DT> ^Jl^tcfflJn-rsB^co^fSji^o^: 

u -BttSi 0 t>±«k:»«atiTv^* 1 cos^Btt 
ji (±) iojms • tpi«\ m2<Dm^M^m 

(±) 1 0 500MS • tp2<kDfe*#< la 7'J 

-Bwi<fc 0 *>T«K:»j«anTi^sB 1 (omimvtm 

(T) 93Ms* tpi*, m2(D@^BttS (T) 9 
5 COM s • t P2 £9 : &/h;*< Lfc»^tC*oTtt. 7'J 
»Bft®J: 0 fe±«Jc»«3tlTt^aS 1 ^H^Btt^ 

(±) 1 0 7©BfbS|filttt^*!fiI(C, 100-lk 

(Oe) OB#$4x.S« 

[0 18 6] WAtf, 01 ltC^Tcfc^tC, SSE^IO 
SSBttl (±) 1 0 7<DBftSBiRY*lFlt^tfc^ 
«^tC(i, 0^Y^(C1OO-Ik (Oe) CDB#£ 
•^X.So CCTMs • tpiO**t^ttE»lC0HSBtt 
m (±) 10 7i, 7U-BttHJ:0'bT»c»j«Sft 
fc^2(Oa^BttlS (T) 9 5^fCttE9ADB«co« 
[6], TfttoSHSYJSriRltftK. 7'J-Btt^J: 
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QbtMlZMl&ZfltzMs • tp 2 ©'h$^?S2©B5£fi8! 

ttB (±) i o som<m> MiaaeBttB (±) i 

0 7 tOtm&'&mft (RKKYffl5f£ffl) fC<fcoT. 
MEJR 1 ©SJgffiBttB (±) 1 0 7©i8{t7jra]i:K¥?T 

nfcMs • tpi©/h;*^SSl©B5aBffii (T) 9 3© 
SBMfctt. Sg2©@5tfiBfflI (T) 9 5©8BMtt7i'J« 
»lcfc53il/r. S^YTjfitKttTJfSjlcBfbSn 
3. l»ffiS(Cj;oTSS«1tl 1 0 8 £(DRM-C%±-T 
*SE!MS£B» (2ftH#14B#) fCiO. 7 'J -Bit 
■J:Dfc±«fc»Js8SftfcJBl©»&Bttl (±) 10 
7©B{fctt0?cY7i|6]i;:H£$*l, $2 0)iflftg 
(±) 1 0 5 0«{bttB*Y:^fcE»#lSH;:HlESft 

T. 7U-«ttB£0fcT«K«JifcSnT^5SSl©@ 
£B«eH (T) 9 3©Kfttt. E^YTjfatSttTjftfC 
BSSfl, fg2©@£B14H (T) 9 5©BffcH0^Y 

[0 18 7] ££7U-B14g<fcDt>±WcflM;*nT 
H3S&l©Hi£«ttB (±) 10 7©Ms • tpi£. 51 
2©B5£BttB (±) 10 5©Ms • tp2<*:Dfc'h£< 

l©B£SftB (T) 9 3©Ms • tpi£. Sg2©@£ 
BttB (T) 9 5©Ms • t P2 J;0t)7C#<Lfe«^lC 

«. 7i>-n^B«fc9feTflfc#(JE;*nfc3Si©B5£« 

ft® (T> 9 3®»ftSr|R|ltfc^^C. 8#^100 
~lk (Oe) K±OJ:5t:LT. 7>J-Bte 

B©±Tfc»J«SnfcfB2fl!>HJ0BttB (T) 9 5. 
(±) 1 0 SZSx.ttJSfiUzmit-fZZ.t-C. »Wra 
K>/W7*ffl»KalH t iH8S© A M R £»5 d 

[0 18 8] *£#58W?tt. 7x'Jttffi©|gl©7'J 
-fittll 0 l©B{fci:Sg2©7'J-B1f«9 7 CDSSft 

-TSfefet, SU©7'J-BftJIl 0 l©Bm^--*> 
StS2©7<3-«ttB9 7©Bg ; &-*>N<b££L 
dt>*fcftl««a : E-^>h*t. WE7'J-«ttliJ:0 
t>T«K:»J«*nTH4aSl©H€«ttH (T) 9 3© 

\>tm 2 omfem&s <t> 9 5©b«* 

-/>httSl/6*3ttft#«WW>h, &tf7 

1 (±) 107 ©bsc*- * > b tn 2 ©BjgBttn 

(±) 10 5 ©B^*-* > r- £ U^fc-ttfc^lSB 

t>*>. m*.\Z* H^X^lSj&iytHSY^lfil©^^-^ 

RttUftomfa,*-* y V Sft©<EI<k LfzEG. &J&B 
»*-.*>r- |Ms- tn + Ms • tp2 1 SS1©@ 
£BttlB (±) 1 0 7£S52©B£Bttl§ <±> 105 



Ms • tpi+Ms • tP2i&^. miomfeMfem 

(T) 9 3&tffg2©@5£BftlI (T) 9 5£©£fifcB 
St^-^Ol- IMS - tpi + Ms • tp 2 I £0>b*:Z< 
lioTMui^ffSUK J&Lt. 0 7*^601 2 IC* 
TXKWWT'SHMHfrf-Ctt. HSBttB©*fcS 

f, yj-m&Mb. #«tt«t>nw*^-UT*i©7U 

-BttB<k82©7'J-B13iB©2BK:»-»rU C:©2 
B©7'J-BttB©IHJfc5S£-r33SUg£B» (RKK 
YfflSffrfl) £«fc^Tfl9E2B©7'J-B14B©B{b£ 
R¥ff«* (7i'J«l) CTadtCfcO. 8315811 
©7'J-Bftl£!il2©7'J-Bftll©B{fc£, fl-SBB 

[0 18 9] *&*5WCtt. iS 1 ©7 'J -BttBi* 
2©7'J-BttBi:©IIMt«\ WE»1©7'J-Btt 

mtm 2 ©7 ■j-fiSttB<fc©iBifc^ffi-r5-*«tt't'iyi)i 

©HgJP. *Sl>ttjgl©BS£Bt4B<!:SI2©B5£B8:B 
£©WlUt*>, l3Ea;i©B£BttB£$2©BI£B& 
■ troiBKc^Htr^BttflBBwWP, &tf£&Bti 

itS2 <DB£Bttft t ©BfcttSSrBltBfl; t LT, 
IB 1 © 7 'J -BttB t'm 2 © 7 'J HBttB £©B{frtK& 
££»Bft£:bT, &tttCfe£5£bfc7xV#!llC«-2 

;ri:d«n£-e<&9, Lft"bfE*&nsft©AMR€*« 

SKDHfa&mW-TZZltT. SglWB^BttJfOBffct 
^2©S^BttB©fi8{t<?:©jK¥fftt^ (7i'JW 

[0 19 0] xewW^fflMtJ^-fftt. K&Bft 
B. BSBftl. #Btt^«l, Stf7'J-BttB*>& 

*4«B«©w«K««B#»jisanTiiD, £©*gm 

■*»6-fc>X««*«»Sn4. WE-t>X^SStt. its 

«i©'hd^Me#sit««B<!:. Mia#«t4^msta 
^Bftat©^®. ai«wttMit7'j-ntit 

©#®IC±tfiitn-5. #3S9§-ett. MEH®BttB«m 
1 ©H^ffiltg t % 2 ©@^B14B t IC^W^ ntfc 
0, WfE-t>7,«£i5«^tcm2©@S)Sit^i:^fiSft^ 

5&*^©jSiijic«toT. -fe>z«ef{«»ji^sn?>. 
(Siti^UTjisjic/a-Scfc^ic. wiB-b>xmss©ss-r7j(^ 

[0 19 1] Hl£wTXKWW7*ffl»R* : FCtt. 

^Btt^ffi^ 1 5 ©Tffllfcm 2 ©SitlStt^ 5 4 tiWfo 
atlTti*. C©«^IC»t>T«. mi©@l£iStt®5 
2&Ufm2©@^«ttB5 4©7^. >b© 



01lC^T£?tC, h9£»2(DB£B 
148 5 4 CO^m^E- * > h tt* 1 <0@£«tt H 5 2 
» ; E-/>Hcit'<T**<, »aE*2(OHffi«ttlB5 

(fij) KlfiJUT^S. £<&fc«>B&££l<0B5£Btt]I5 2 
<0BS*-* > h t» 2 0@£B14II 5 4 (DBS*-* 

ffiltEW^fpI KIpI^T^S. 
[0 19 2] 89ai<Z>£5tC, #B14^mJf 1 5tt*2© 
$£B14if 5 4 &tf * 1 0>@£B14JI 5 2 <0±«tC»j5£ 

ca>fc»* ±Ki»E#»tt#«i i 5£+ 

MCLT»ft3-fe>X«SSl 1 2lC<t^T«fiEanS-fe 

>x*««iHi» ffi&#mttmmm i 5 <t o t>TWc& 

E£Bf4JI 52iS2 OB^BttS 5 4 t^SfiiSlt 
-*>NO£ft<h, ME*>X«»Bff<D*fl£#Htt 

[0 19 3] Bifc*T<fc5£8j«1:>x«ffii l 2fi 

T£#[*HcftU8U SSi<*)@£B14Jf 5 2£fg2cD@£ 
Btt«5 4BfcfMlT«!MS»B# (RKKYfflSf^ 
ffl) tflBSn. (HE*10H£Bttl5 2<©«fbt« 
2 (DB&B14JI 5 4 ©Bffc0R¥frtt»£ <fc 9&«KC£ 

[0 19 4] ft\Z*i>xnm$:lmAffiTt, ^3 0 
(Oe) aflE<0-fe>X«*«#39«*±U, 

*tt»<OH(E»ttl 0 0 0 rpmfi**'Ca<a:t), - 
©HI5»©±#JCJ:0, SBABfttt»l 0 0t;£T± 
£<Dfc#m«1:>X^£l OmA^Lfc* 

xtrw^ysHiRX^^c^iaatt, &2 5 0t: 

gfle*T±#U S6l:t>X««B»t)3 0 0 (O 
e) £**<fc*. 

[0 19 5] #*fC»^>81l*aaTTf, L/ 

a^ffitti 5 2 omn.*:- *yvtw,2 omfem&m s 
3Btt#&££gattB 1 1 1 i/TiejB-rs^B^* 

0, *<Dfc*fc**MTttyay*>5 r iaa* J fi4 0 0 



[0 19 6] &£BlfC*TSl0B£BttB5 2<DB 

a*- * > h 2 coB5£«ttji 5 4 toBflre- * > h 
[0197] wzm3 {ZK-r^zy/vi-ymmmm^o 

■t>X«iR*(6ltCO^TRWr5. B3"m* #Btt£l 
mi 2 4 CD±«IC^ 2 <OBffi«ttH 2 5 &tf S 1 (DBS: 

8iti2 7*Msnti/^. h 3 tc^-r * 5 ic, si 
<z>@£Bi4@ 2 7 omn.^- * > h (o^ifim 2 <D®&m 

14J12 5<Dmm i : £-*>b<kK>b*Z<t£-DT&t). * 
&MESS 1 Og£B14fI 2 7 (D«a^-/ > h^^^lti 
B^Y^ft (H^**rfiJ) £fa^T^3o COfca&ifflE 

si 1 o@sattn 2 7 <bb»*:-* > h tm 2 omizm 

[0198] B 3 fC^T £ 9 tC, -t >*SSt 113ttB 

ttBJc»uT*iuotc««sn5. #at4^m®2 4cfc 

0 fc±«£S 2 cO®^mi4^ 2 5 ft * 1 (OB£B1±fB 
2 7 ^*J* StlTO^tD-e. bSE^ 2 (Og^fiSttS 2 5 
Rtf* 1 G>B5£«ttJi 2 7(Ctt, H^*^I6I (H*Y* 
|S|<tR*r*|Sl) (0-fe>X«flS«»^ftAUT<^CttC 

l<0B5&BttJi2 7(7)^{bi:m2CDHSfiS1412 5CO^ 

[0 19 9] WE^flcaSt^-^^K^H^S* 
f&J (BiRY^IaltRWJEFlPl) iCf^T^S^lCfi, "t 
>^«851 1 3SH^X*|fijtR«*|fiJtci«L, ME-fe 

««»*«Bkl»L£BDJC58tS^ JBl©B«S8tt 
1 2 7 t» 2 <Z)B£SttJI 2 5 (D&jKam^-^ > h<D 
WEir>X«aa*4:^l«I*&-a'S-l*:§^E 

[0 2 0 0] H5^-r^fcr>A^7 r S!»IIR* : Ftt, 7 
U-BttB3 6©±TtJBl©B3£«ttB (T) 3 2, 

(±) 4 3tm2<Dmjzm&m m 34, (±> 41 
@ 3 6 ©jiTtc*ricsns^j5EBa : e--/>>^av^c 

R»*lP«cfil<«t5^ WEJBl<OB]tBttli (T) 3 
2, (±) 4 3cDBm^"/>H^^f s lR^^*:^^ 
(tm2<7)®SB14® (T) 3 4, (±) 4 1^B^^E- 

[0 2 0 1] B5tCSTJ:5JC7 , J-BttH3 6 iOfe 
T«K»*atlT^*SB2fl!)B3tBttJi (T) 3 4tf)B 

a*-/>Mi, micoastBft® (T) 3 2©bsue 



( 30 ) 



2000-0402 11 



(T) 3 4<Dmi5. : E-*>him*ttft (I3*Y7j 

iai) sixths. ttt>T. me* 1 ©@£&141 

(T) 3 2®««*-.*>hi:JB2 0HJ&BttB (T) 

3 4©&^-;OH££L£fc>itT#«>5.ri:#T£ 
S£l£lKmt-*>Hi0*;&7j|6] (0^ Yaffil) 
UTI^S. £fc7UHKttlf 3 6<fc9t>±fflfc:JBfi££n 
Tt»*JBlOHJt«ttl (±) 4 3©«« ; E-/>H4 

f&2<D®fem&m (±) 4 i©B§re--*>h±r)t>*: 

*<. gfcttGjg 1 OBftBttH (±) 4 3Cl«t- 

n*. co^amem i ®B£Bttii (±) 4 3 ©mm 

til 2 ©BS&8tt! (±) 4 1©!^-/ 
3. C©«k5tC*^WTtt7U-«tt@3 6<D±T\Zfc 

>xm*l 1 4*8rTC£fcJ:oT»SUsn*-fc>;Ut 
[0 2 0 2] tte7UHWHn6J:9«TffT*&3 

> NiHSR£*fi (a^Y^tS^(Sl) Cfa 
^T^SfflT, ii*E2 0©^j£ffl^E— *>KD;fr|Sl 
tt. -fe>7.m^)K#©^i:-aUT*?). 7'J-«tt 
S 3 6 ©TfflKJBfiJcSttfcSS 1 ©@£G&ttH (T) 3 2 
<Ofi8ft;<i:^2co@^S8ttS (T) 3 4 <Dl8tfb©K¥fTtt 

si, &z*7 >j -ants 3 6 <r>±.mzMtft,znti'% i ©a 
jtsttji (±) 4 3om<ttm2<D%ifem&m <±) 4 

1 ©8tffc©5¥fTttS8S:, 

d£:#nTf£T*5. fcfc. 7'J-)8ttJg3 6 JcOfcTffll 
*3D. 7'J-HBttH3 6J:0'b±i(fc#i*S*lfc&jfc« 

.11851 1 4£E^X*(S]lCoitb. BtrE-fe>XftSt£dftT 

[0 2 0 3] Sfe@7&o:09Ttt, 7'J-«ttH*t# 
«tt*M»£^T£ 1 ©7 'J -Ittfti 2 0)7 'J - 
«ttlf © 2 ■K#W3ftT»J«Stt&X 

sa*. @ 7 ic^rx tr wwi^jf 

HSi?© «fc 5 fC, #Btt8fUB 5 5 <fc 9 fcTfflllCffS 1 © 
S^Kttl 5 2 &tf 8S 2 ©@£ffl4/a 5 4 W&fiJcStXifc 

«&i:l^filO-b>xmSS^|filO$!lffll?&fT>t«J:U. Sfc 

tie 7 6 * o t)±micm i ©Bj&Kttia 7 9 2 ©a 



[0204] w±©«k5c*»wc<fcn«, •fe>xmss 

<h. 8l©B£fflH4II©fiBS[ : &-;*>H<»:82©Hl£fiB 

-5 C <>: 5 ^JdtfiKSi;*- ;* > h- ©7J(S] t £ -fi £ 
-SdtlcfcO. SaE8ll©@£SBtt@iaS2©@j£)8i4 

4@£1*. li5KSIl©B5£«ttlifflfiB{b£:3l2©@;£Kft 
■ ®«fc©R¥fr*Wi (7i'J«|) *J»«»C*J6l,& 

(C±#UTfe. B9EmiW@5E«tt®©«ft:tm2©@ 
[0 2 0 5] *it!B5ESfBaEft:fC»jSt-Sfc*-fe>xft 
«. «HE-fc>X«aH85M*. 3Sl©@saBttJf £352© 

B«^Jl0mKft<}a^£tt*£JMM3tt«fMi£ 

1 ©S^«tt@ 2 ©H^flBffliWiBffrtftilicfc 0^ 
l©aSSS141) i:©#ET^g|^^a^ (^tSSTJtt 

[0206] ae*oj:5t, H^fistts^mi 
*ifijt*Hfta-&*ca:K:«fco. mtsBT&B^tmmmt 

[0 2 0 7] 

l*^L,T^ 1 o>®%m&mt%2 ©H^flStt^© 2 1 

WE^ 1 ©S^fiStt® i: m 2 OB£ ©K^tt t , 

(Hex) RtXAMR (Sfii^ft^) t© 
Bi«»C^t»T«^Lfe. Sr..^l©@^K14^ (SH 
iaft®fC»T5ffll©a)£l8<4^) S:2 0*>yxhn- 
AXtt4 0*>dfXhn-/»fcHSU ^2©B^fiStt 
^©KJP^^fk^-frT. S5E^2©@^fi8tt@©KlP 
i. S«ISft«ffRtfAMRt©|«ffK:'3lf>TBI'<&. 
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o) /miom^m^m ; co (2oxii4 0)/#« 

tt+W»;Ru (7) /»2©i6Btti;Co (X) 
; Cu (2 5) /X'J-Bttl ; Co 
(10) + N i Fe (4 0) /Ta (3 0) T<&£o & 

tt^yx^n-AT**. 

[0 2 0 8] *fc*5S?HTJi, ±EXfcf>M;i/7SSS(R 
m^SricRLfca. 2 0 0 (Oe) <0«»*0]i)OLfc#. 
£2 6 O'CTM RfB©J»SBa*JSUfc. ^-<Z>Slifcjg&£ 
HI 42i^Hl StC^T. 0 1 4tc^Tct^(C> mi<D 
(PI) <Dlgyptpt£2 0t>^ho-A 
TB5fcLfc»£* »2 0H3£«tt« (P2) (DRW t P2 
2 0*>yxha-AlcT£<^ &&lc£&#S£B 

* (Hex) iifcTu Slo. mmm t?2%m<-rz> 
*fciWEfiia)H^fiSttJi (pi) <?>mm 

tpi^O^yxhD-ATB^bfc*^ Sg2O0 
£«tt» (P2) cDfgypt P2 £4 0:*>yxbn-AK 

ta«cx«ie^«w±fiTL^ lowew t p 2 

£4 0*>^X hQ-Acfc9fc;k:€<-t&£:, 

»tp2*4 0*>i/X ha-AJzO fe/hS<UT^< 
<h, «2 6*>y^hn-A*Ttt3!*iB^«*f4*# 

[0209] tz?>-cw,i<Dmi£:m&m (pd ossjp 

tpi<fc»2©ififc«ttli (P2) (DmRtnttfilZ&m 

0>HU «[|B% 1 OB^e^H (PI) <0«{fc;<!:3§2<0B 
£Bftjf (P2) ©«ftt3^. SWcRWKBffcSn 

[0 2 10] ±JfilxfcK«riSfc:*-r«fc5JC, &lcE>g5£ 
BttH (PI) ^2^aftt(P2) teftlCCo 
it»tfStlT^5WT, HGfiftBfb (Ms) 

?gl<D@5£BttJf (PD <0«« : E:-*>h (Ms • t 

pi) tm2om^m\tm <P2> >h (m 

s • t P2 ) hu ««Hi;ttTR3esnTi^. *»wt 

tt, RSHBttHfcP tMn^^fflbt^OT, f£ 

1 (PI) tO»BTS!*tt^«#t«±3-&» ^ESS 
10>@£«ttlf (PI) £a*-je#|gj£H£b<fc'3£ 

[0211] tcsa** si^aiti (pd tm 
20®&m&® (P2) <o«a^-/>h3j«jaSHi;« 

SKOBSlBfti (PI) <hfg2<DS5g«ttJ§ (P2) 



@y£«ftH (PD t*2 0HS«ttH (P2) t<DW 
CliXJftlB^K* (RKKYfflSf^ffl) d^tU, ME 
»l<J!)B50Bttl (PI) <OB{fc<h?£2<7)S£Bftl 

(P2) ©«fttt. (7x'j«» kb^s''" 

nj^tt*^ mi^ssmtti (pd tm2<D® 
fem&m (P2) <z)«ft*«i:^wcB«»ifii(crfiiei5<fc-r 

1 (PI) tS2(OitBttI (P2) <7)«ffcttJltt, 

[0 2 12] CCDfc*, fg 1 tf>B£B1tH (PI) <DB 
m^E-/>hi:^2 0@^BttS (P2) ©Bgt-/ 
>ht©M6«5fiaEOWSC<h^»SL/'^ 014 
C^f^fC g!lc7)@£BttJI (PI) <DRJPtPi<h 

m2(7)B^Bfi^ (P2> ommt?2<om^±^<uo 

TS\ !S51tf>@£Bt4/I (Pi) i^2^lS6I 

(P2) oaa^-^vh^^fto-r^t. sale 

[0 2 1311316, 1 7tt, »2<0HS»ttH (P 
2) CDRiS t P2 £3 0*>^X hn-ATiSb, SB 1 
<D®fe&\im (PI) 0Rff tpi*3EflsS-frfcfcS0>, 
StE*10H5£«tt)iOWPtpii:S!*IS^«# (He 

x) RZt&MRt<Dm&%%it77 7T^5 0 £E>^8fc 

OT&So S iifi/7^5t/Ta (3 0)/PtM 
n (15 0) /#l<OB£BttH ; Co (X) /#BHt 
4»WH ; Ru (7) /^2©MttI ; Co (3 0) 
/#Btt»«l;Cu (2 5) /7U-iftl;Co 
(10) + N i Fe (40) /Ta (30) & 

li*>yxM>-AT?**. Sfc*«W"Ctt, ±BXK 
WW:/ffl*R**£/£«bfcSt 2 0 0 (Oe) ®B 
»*9i)nLfca*S 2 6 0 c CT4P#^c0^JQ^^JaU^o 
[0 2 14] HI 6lZ*?£o\Z, mi<D®7ZM&m 
(PI) (DRJP tpi&3 0*>^X hn-AldLfcig 

2 ©aitBttJi <P2) <Dmmt? 2 tm 

D«WT»J«l/t*^, SE«IS#«» (Hex) aftft 
^fc> SKOS^ttttJI (PI) ©W»tpi*«fi3 2* 

H*«ttH^«aW^«JP3J«*IR<OIWP t picfc 0 t>/h£ 
<^0> S 2 cOBS«14^(DRii t p 2 (=3 0^>^X 
ha-A) (ciS^J<*^T*S. flftEi»JE»ltt. 

[0215JB18I1 xa7^xh:>AVuyga»Bi* 
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fl©W2©B£«ttl£*fc:2 0*>^;* hn-ACB 

£u 2«©m©B£«ttJi©*ft*n©0w*sEfl: 

(Hex) t©Bfft*ry5 7T*-5. 

«T©HDT&-5. S iSffi/7;U5-J-/Ta (3 0) 
/OlttllPtMn (1 5 0) /Sgl©H£Btt» 

(PI T) ; Co (X) /#fiBtt<pffil : Ru (6) 
/» 2 ©BftBttB (P2 T) ;Co (2 0) /#« 
; Cu (2 0) /7'JHBttJi ; Co (10) 
+ N i Fe (4 0) +Co (10) /#8SttiJISJi ; C 
u (2 0) /Sg2©BJ£fiBttJI (P2 ±) ;Co(2 
0) /#Stt*Mj| : Ru (8) /*l©B£ttttll 

(PI ±) ; Co (X) /Kmmm ; P tMn (1 
5 0)/«H)I;Ta (3 0) feiiS-^fC^tt 

sai^riagiLfcft. 200 (oe) 'ommzetmistt 

#6 2 6 0 , CT4^©M«lS*JSUfc. 
[0 2 16] fcis. *©Ttt, 7U-aK£)lJ:9&Tffil 
fCS^SttfeJH 1 ©esSBteJl (PI T) £2 5*> 

Bfc;5ftfc!gl©B£fi8ti:Jl (P 1 ±) ©ISJl££ft:;* 
-8:. NES 1 ©@^«rtt® (PI Jt) ©l&Jp£, 

(Hex) t©K«»CO^Tii-cfc. 7 
'J -«ftJf «fc 0 t>±«3C^^nfcm 1 ©SSSteH 
(PI ±) S2 5t>^hn-AtBtLT, 7U 
-«ttH*i3t)T«^j«Snfc*l<OH5S«tta (P 

i T) ©wpesfta*. wie^icDs^tt^ (p 

1 T) OWPiXlWS^BJIttOMfflCO^TBI'C 
ft. 

[0 2 17] H18lC*TJ:5k:. *l©B£Btt]| 

(PI T) £2 5t>^hn-ATi^U, Sgl© 
B)£«fl:8 (P,l ±) ©B!JiI£2 Ot>yxSP-A 

n<a». ME£i©B@8ttJi (pi ±) ommw® 

1 8~2 2^>^Xha-A(C^St. 8 2©B£«tt 

■ (pi ±) <Dmmtmmvmmizf3.zz.tfrt>, 

S5. *fc»E*l©H««tt« (P 1 ±> ©WHS 

2 2 ^>^7n t» D-A^e, 3 0 h P-A*T& 
* < LT^ < t. ®* £XlMS£BJMittT LT 

[0 2 18] Sfc01 8(C^-r<fcatC, SSl©H5&Btt 
1(P1 ±) S2 5t>yxhD-A7T@£U I 
l©B£GBttjg (PI T) ©&JP£2 0 

t><3&«. wes 1 ©Bitattn (pi T) ommvift 



BJWtfiTUTHS. SitiEllWiSlfti (Pl 
T) ©RSJPS2 2^">yx ho— A«fcO <T5 

(WE«*S2 6*>^hn-A£il 

[0 2 19] C1CT. SHI ©@j£fiBttlf (Pl) ©^Jp 
£&2 2*>yxhn-Aggicl>fcJg3-©, 3U©B 
ftttftfli (Pl ±) CfcttSSaMS&Bfft. ill© 
H^fiSft® (Pl T) K*Stt«S£«te^«»t*ft« 
ni. IlOifSttI (Pl ±) ©l8IJi£#j2 2 

*>i^ha-AaaE»ci/fc»£0#at. sei©B£e3 

ttM (Pl T) £**J2 2*>>/X ha-&n&\zLtc 

<t§5: tat*)**. 

£ftttW»Lfci:5C. J8l©HS«ttli (Pl T) 

<t. £3iB14H <i©l¥-®lcte. &t£&lf#flM;*n-*>-f 
^©■e, iffifgSfl 1 ©B5£BttlI©BM«&l$J¥tt, 

9. Sg2©@5£ffiBftH (P 2 T) ©ISJ¥ 

[0 2 2 0] BLt. 014, 016. Rtf 0 1 8 (C^T 
*Wi*tJ:0*i6WCtt, 5 0 0 (Oe) &U©5£& 
«§£fift#£#5C<h*<Tit3 (£l©H@Bttj| (P 

1) omm / (m2com^mmm (P2) ©hup) « 

■Kfc. *TH 14 sc. *i©B£Bttll 

(Pl) £2 Otf^T. hD-AlC@£L*:i§&. 5 0 
0 (Oe) «±©3?»l6-&«#*#StCtt. (fgl©B 
^«8tt@ (Pl) ©fgUP) / (£2©B£«&JI (P 

2) ©&JP) £. 0. 3 3£Lt0. 9 IETF. *3W± 

i. lUtizLtzvttiviw-tti^cttftifrz. u&z. 

©t*©^2©H5£fiStt® (P2) (Oiill 10-6 
0+>^Xt>D-A (1 8~2 2*>y7.ba-A£l$ 
<) ©SSffiftT&S. 

[0 2 2 1 ] 1 4 fC^T=fc o\Z. mi ©B£6Btt 

€ (Pl) £4 0*>y7. M3-AtCB£L£»-&, 5 
0 0 (Oe) a±©3JMMS^«**ftStC»4. (fU © 
B£«ttH (Pl) ©RJ9) / (»2©B£«ttl (P 
2) ©&JS) £, 0. 5 7JJU0. 9 5ETF. 1. 05 
M±4UTlzLfcWtUiMi£i.^Z.ttft>frZ>. tl&Z. 

©t^r©^2©@^att^ (P2) commit, io~6 
<) ©95H?g-e*-5. 

[0 2 2 2] ^(C. H16ICwr«t5K, ^2©H^K 
ttl (P2) Sr3 0^>i^X ha-A(C@5£bft«^. 
5 0 0 (Oe) £t±©SJ»IS^«S|L«»4K:»4. (161 
©B^fiSttS (Pl) ©BW). / (m2©B^ffitt® 

(P2) ©K[Jg) £, 0. 3 3K±0. 9 3^T. *-5 
Wil. 0 6«±2. 3 3£HTlCL>iltn«^^^C 
<t^t)*^. ^i5^©t^©mi©B«fi8tt^ (Pl) 
©KWtt. 1 0~7 0^>^XhD-A (2 8~3 2^- 
>yxhn-A*SS5<) ©®HrtT»S. 



t 66 ) 



tts (pi) v>mm) / <*2(OH««tt)i (P2) <o 

IgJ?) <T>mWV>o*>. 0 . * 9 £4±. 1 . l^TcOfSBS^ 
•frtf* 5 0 0 (Oe) »±©£tM8£«#*»*C<!:# 
"C*3 0 0 (Oe) J^±<D£& 

<»l©B£«ttJI (PI) ©BOP) / (SH2<D@ 
£BttJf (P2) ©BUS) 11, 0. 3 3-0. 9 5, « 

0 5-4tf>i8Brt£ft£o fzfzL. 
«JM4RJPJt©*tt61". *l<DH3t«ttH (PI) t 
»2<Z>B£fBttM (P2) <DKJft>MP^S^co-o-e 

&£<dt, £ bic, ±j8L&iwPit<o«Bi*i'c, u^fe 
s i cdb£B& m (pi) ©wpatf « 2 os^Bttig 
(P2) (ommz* i o-7 o^>^xha-Acoasa 

rtfcU 1.^*1 flOH36«ttB (Pi) <0WP*>6*2 
OBeBttJt (P2) OWPft5l^fc»««[*2*>y 
Xhn-AEUfcrTfttf. 50 0 (Oe) £t±<0X»|g 

[0 2 2 4] ^C*f6WTtt, 1 0 0 0 (Oe) BUtCD 

(PI) / (*2<0B5£«tt« (P2) OK 

JP) SIB^fe. 4(C^-Tct^)^. 11^1 

ttl (PI) £2 0*>yxhD-A«Clyfc*'&> (» 
l(OB£ttttfi (PI) <OWP) / (*2<OBEBttH 

(P2) 0RJP) *.0. 53-0. 9 1, 
ISLtJcf fttf 1 0 0 0 (Oe) &±0£&*§£B#£ 
&43d<B<t#<0*2<0BJ£»tt 
Jl (P2) ©RJPtt, 10-38^>^Na-A (1 
8-2 2^*>^X hP-A$i<) CDieHrt'C*^. 

[0 2 2 5] 1 4\Z7jk?£o\Z. SlOI^Btt 

■ (PI) £4 0*>yxhP-AtCLfc«^ (*1 

<^@£itti (pi) <Dmm) / (*2<7>B*«ttii- 

(P2) (DgUf) £0. 8 8-0. 9 5, 
05-1. 8(OlSH^lcrnti, 10.00 (Oe) w 

CD?g2 0B£Bfflf (P2) (DBHPtt. 22-45t> 
M3-A~(3 8-4 2^*>^X ha-A^<) 0 

[0 2 2 6] $bCil 6(C^Tcfc?fC, f&2<D@fem 
&M (P2) S3 0*>?Xha-AlCB5tLfc»e\ 

($l<Z)B£ttttJB (PI) ©BUP) / (fg2(9B£B 
tt» (P2) CDBUP) SO. 5 6-0. - 9 3, »5W1 
1. 0 6-1. 6<D$5Bf^T*ntf 1 0 0 0 (Oe) Et 

$<Dmi<D®fem&m (pd ©iwh io-5ot 

>^Xhn-A (2 8-3 2t>WhO-A^<) 
[0 2 2 7] *fcHl 8fc*1\k-5lC. ra7^xe> 
IB- (P 1) ©RAW / (|g2©B£Bttl (P2) (Dm 



JP) SO. 5-0. 9, 1-1. 5*gg© 

isffl^icrn^, iooo (oe) «±^ftjs^«# 

S#^Ci^pIffi<h^oTt^o ££oT, 1 0 0 0 (O 
e) a±<0&ft«£«#*»*fctt. Sl^SSittr 
(PI) ©SIJP) / (!g2cOB£Bfflf (P2) (DBI 
JS) £, 0. 5 3-0. 9 5, W^Hl. 05-1. 
8<0«Hrt£U £blc, ?gl©B5tBttJi (PI) t 

m2<Dmi&mftm (P2) ©igypsi o-5ot>^ 

ha-A<DlfiHf*m L*>fc*l©B£«ttJi (PD 
<DRJP**6S2 0)B««ttB (P2) ©RJS*?l^fc« 
»tt^2*>i/X h a-AEU:T*5 C fcWS?* 
46H1 SRtfBl 7t«r<fc5JC> ±jgLfcBUPitK 

[0 2 2 8] SfcBl SlC^Tct^tC, fgl<DB£Bf$ 
1 (Pl) £4 0^>^X hn-AlcLfc*^ ^2(0 
BltBttil (PI) £2 0*>^X hn-Af£Lfc«£ 

IglCDB^BteJI (PI) tt* *IStCttAMR(cBI4b 
f^mx$>0, jftlSAMRte, m2CDB£Btt® (P 
2) ©BfcBKfct* 7U-«ttH0)*»«fbfcOH«7! 

^mio®mm\tm (pd (ctam**:*, v^hds 

ft, BlCDB^Btt/f (Pl) <DRWW<ftSS<!:* 

(Pl) <0«JPjWP<fc*«<!:\ AMRWTl/^t^ 

[0 2 2 9] *l<DB^«ttH (P 1) 

B£B&fB (P2) <0BK:»j«an«#«tt+IBHa)jg 

lE&BliPKO^TajtUfc. ^43, %m\Z\t, 7'J-« 

ttick o t>"F»cE9»«tt«3*«»j«anfc# h Asst. 

^©BWJBStt. T^b, SiIi/7i^t/Ta (3 

o) /Km^^m ; p t Mn (200) /mi<Dfflfem 
its; co (20) /#m&*rm ;Ru (x) /%% 

<J>m&Wm\Co (2 5) /#SMli;Co (1 
0) /7'J-8ttl ; Co (10) +NlFe (4 0) 
/Ta (30)T$>9, h u/ySJOXtf >A^^H»R 

(3 0) ;NlFe (40) +Co (1 

o) /&m&mnm : cu (2 5) /^2<DB)£Btt 

la ; Co (2 5) /#i8tt*RI]Jg ; Ru (X) 
B^BttS ; Co (2 0) /£&Bt4/l ; P t Mn (2 



( 34 ) 
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0 0) /Ta (3 0) r*5o fc*JBSW<0*tttt«ff 

[0 2 3 0] ^fc&Xtr>A^^S»^i 1 ^^^ 
2 0 0 (Oe) <&B«£ffljJ0bfta*5* 2 6 0^^46? 
m©»HB3ISJfiUT^5, *©*IM6**B 1 9 
T. Bl 9fC3Rt\k'5K:, h^yS<t#hAStTtt, 

Rui (HHBttffflii) <&R«fc:#T*&*ig£B#<0 

0 0 (Oe) ^±(D^m^m^^f#^^^^T^^«S 

SWR^lCfe^T, 5 0 0 (Oe) a±<&X«IS£« 
**#5C<fc5&toIfiB^RuR©BtJP^ 2. 5-6. 4 
*>yx ho— A, *£W46. 6-10. 7*->^X 
hD-A<0«HrtT**;ii**b*>S. ££(C#£L< 
ttlOOO (Oe) H±OJ*»&BWiff6n5«I 
ffiBRuKORffS:, 2. 8-6. 2*>^ 
XhD-A, *£W*6. 8-10. 3t>^XhD- 
A<7)«Srttcfn«, 1 0 0 0 (Oe) H±^i^ 

[0 2 3 1] h AB<DXfc!>A^ysaH»* : f tc 
*3HT. 5 0 0 (Oe) &±<D38&l£&mfr&nZ>Zt 

tfi*imitRum<omm\t* 3. 6-9. &t>^xhn 

-A<0«BftT*£ £6tC, 4. 0- 

9. 4^>^X Kp~ACO«5fflrt£Tntf> 1000 
(Oe) «±<Z>X*»^«*ft»-BCt3»^J«Bfc6:S. 

A8©xe>wyfflwifft^ #Bf£+f§3scoji 
omim&mk<DiinizfcmT&&mt&&mft (rkky 

[0 2 3 2] 2fclC*5BWTtt, 48§iC0X CW^S 

U #XfcT>/W:/ffl»»*?<DEBBtelI (PtMn 
nmmt. £«ISSB#£<OIB«fctH>TM£L 
fc. £ttfll, 2WU HSBttJid^Btt+BMS^U 

Tig 1 (O0£BttJf t » 2 (0@£BttHtf> 2 BCflfcfS 

nfexe>A^yi»f, Jtism, 2wu s^b 
[0233] i cox tf >/w7Mmax¥ 

■'h-yyBTftO, Bt#MfcttT*>S* SI«S/7^5t 
/Ta (30) /7'J-IttS;NlFe (40) +C 

o (i o) /#m&mm® ; cu (25) /sg2 0E£ 

BttH; Co (2 5) /#Btt+HIJIB ; Ru (4) /» 
KOHfcBttO ; Co (2 0) /E3£BftJI ; P t Mn 
(X) /Ta (3 0) *fc**«2<!!)Zbr>/ , C 



!S/7;^t/Ta (3 0) /Mfti;PtMn 
(X) /SB 1 tOHfcfittli : Co (2 0) /#Btt*M 

1 ; Ru (8) /»2 0IS;8tti ; Co (2 5)/* 

Btt^mi ; Cu (2 5) /7'J-BteJI ; Co (1 

0) +NiFe (40) /Ta (3 0) 
[0 2 3 4] ^fcJt^Il£OXt:>/N # ;i/yS»^*^ 

bv/M-zto*)* mmisu*Tfr?>+ siss/ri^t 

/Ta (3 0) /7'J-BteJI ; N i Fe (4 0) + C 

o do) /#M&mnm; cu (25) /m^m^ 

JI ; Co (4 0) /R&Bttlf ; P t Mn (X) /Ta 

(30) &tz\k&M2<D7,\±>rt)v7$mwkm 

fc#hAS"C*g, R»fi£ttTa^ SiS&/7Jl/5 
t/Ta (3 0) /RKBttll ; P t Mn (X) /B3E 
BttJf ; Co (4 0) /#Bf4*$mH ; Cu (2 5) / 
7'J-fiSttB ;Co (10) +NiFe (4 0) /Ta 
(3 0) T££o ^*5&Xt'>/\Vl/7^fH^TO^ 

[0 2 3 5] $ ^ tC#589ITte* tf >/ , C;uy®SHR* : F 
*JSW1, 2l3^T(t 2 0 0 (Oe) 0 
B«> Jfc««l, 2(C<&oTtt, 2k (Oe) <DB*§£ 
BU0U&**6* 2 6 OtT4l*[B^}!Wa31*JfiLT^ 
*©*OM8*£B2 0£ST. 
[0 2 3 6] i2 OtC^Tcfc^tC, 4««OXfcf>AVP 
ySSHRS-^ta^T. P t Mn^&0)RJP£»<-f££ 

CCT'^m 5 0 0 (Oe) K±WSf*»&fi8# 

1, 2TH &fCP tMn&ftORi*'>S<tt)2 0 
0*>yxhP-A«±T?»jSbftWna> 5 0 0 (O 
e) JK±©32SMg^B»*»<5Ct**T€rftir^4:^fc 
*Jfi«l. 2fC*3^Tte* PtMnS4(0 
R®^9 0^>^XhP-AJ^±tcTn«5 0 0 (O 
e) K±OS!*ie^B**»5C<t^l)6'C**Ct^ 
tCT*5EWTIt PtMn&4<DffSUUR 
J?CO$5B£9 0-2 0 0^>^XhP-A0)®HF*9lClS 
56 I/O* 5. 

[0 2 3 7] SS KB 2 0 tCSTcfc'SiC, 1 , 2 

CO P t MnS&CDmm* 1 0 Or*-^* Hu-ABUhlC 
TtlB, '>&<<ht>10 00 (Oe) EU<DXftB£B 

tt, <fc9fe#*L^P tMn£&C0!gtJ? SI 0 0-2 0 
0*>yx ha— A<&«Hrt£Rj£LT^*. 
[0 2 3 8] *JC*58WC»4, 2ffi^Ox^7;UXtf> 

iCfcttaESSBttH (PtMn^) <0BW&, 



( 3b ) 
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[0 2 3 9] ^T^Sfi««JcOXlf>A*;!/y^K^ J Fi-a 
tt*R«rtfcL T*>6. S iSS/7^t/Ta (3 
0) /RS«ttl;PtMn (x) /»l<OHS«tt 
1; Co (2 0) /#Btt4»BW: Ru (6) /&2<D 

; Co (2 5) /#tttt*«JI ; Cu (2 
0) /7'J-8ttI;Co (10) + NtFe (4 0) 

+co do) /tm&mnm ; cu (20) /m2<n 

B£«ttH:Co (2 0) /«itW;Ru (8) 

/« i ossattn ; c o (25) /Rmatm ; p t 

Mn (X) /Ta (3 0) Tfc.O, J*««<0Xt!WW 
7BSB*^fc;&tt*»ttSfcL T^b, S i£K/7 
Ht/Ta (3 0) /K%m&m ;PtMn (X) / 
H£Bttfl:.Co (3 0) /*iMli;Cu (2 
0) /7U-«ttB; Co (10) + N i Fe (4 0) 

+co do) /#&&mmm; cu (20) /h*« 

fti;Co (3 0) /S3ft«tt»; P tMn (X) /T 
a (3 0) &£&Xtf>AVl/7^JKi^<0K 

*>^x ha-AT*^. 

[0 2 4 0] *fcftXK>/^uyS!»Bt*^SJfiBa, 
&*WTtt> 2 0 0 (Oe) omm*. tt8«Ttt2k 

(Oe) ©«»*a»lU&*<S2 6 O'C^P^^g*® 
a**L/T(r>So -e<0*B**&EI2 ltc^f. ^2 1 
\Z^t^O\Z, JttfcflTttP tMn^KIM2 0 

o*>yxha-Aa±T*BeL/a^t, 500 (o 
i o o*>yxhn-Aa±tf*fiiE*rntf5o o (o 

e) £l±<DSlftlS^«»*»*Ct3*«T*5tt>*^. 
*CT*5WTCtt. »* U>RMBttJ*DB»* 1 0 0 

-2 0 0*>yxhn-A<7)IBHrttcK5El/T^5. $ 
SlCSfeSIMflTtt. P tMn^4fe©IWP*l 1 0*>yx 
hn-AEt±t?»J5E-rntf, 1 0 0 0 (Oe) &i:tf>?£ 

£0#*U4RBBttH®BW£i 10-2 0 0*>^ 

[0 2 4 1] ££02 214, P tMn£$<B«W£, A 
MRt©B«SSTy5 7"Cft5. B2 2tCST<fc"5 
JfcttflTtt, P tMn^4<0KJP*2 0 0*>^/X 

bU-2±W_k-C&f&TZ>t, »10XH±OAMR*flJ 
SC£*«lTO&ifcoT^*a«, *Jfi«HC*liT»4, Pt 
Mn£&tf)fgyP£ 1 0 0*>yx ha-AgSdSK L 

[0 2 4 2] <hC3T, ^ewwyfflMBJimcfctt 



3o -co/i^*^B^(Ccfcn^, M2 0Wi2 KC^T 
<t5(C, i(ES5l«tt)i<D«J»S*< LTfc» HftWiC 
{*ft*cDX t:>A;i/yS!»IR* : F(0R3l«ttlB(0|Rff<D''* 

ys»is* : f'±*«)«»*»<-rsct^r*. HI 3 

TK:»rtStlS^^yyiil 2 1, 12 5<Z>B9£ttft 

[0 2 4 3] 7U-«tt»*#«tf+IBIHS^L 
1 ©7 'J -«tt» t * 2 (7) 7 »J -BttH CO 2 1 

SBffcU fl(H2miC07 l J-«tt)it*2<D7'J-«tt 
»fc0>BJMfc£, £«»£tt#<h<DH«£^T8B£L 
fc. *"*\ (#Btt9ttJllCi£L. 

AMRfCfi«H4-TS«a>7'J-«ttH) <OBiP^5 0 
t^XhD-Ati^U !g2<0 7'J-<£te/f (AM 
RJCitSSH#b&^«©7'J-«ttS) <DBJ*£*{fc£ 
*&. B«J*ttT*>&. SiIfi/7Jl/5t/Ta (3 

0) /Sg2©7'J-H&ffiI (F2) ;NiFe (X) X 

*Btt*Bi;Ru (8) /m<D7V-m&m (F 

1) ; N i Fe (4 0) +Co (10) /#m&mm 
@ ;Cu (2 0) /Ru (8) /R3£ffi8tt/f ; P t Mn 

(15 0) /Ta (3 0) &fliC&tt£t£»^ 

&&xv>jv\,7mmmm¥zfitm&* 200 

(Oe) <0«*«M!nUfc*<S* 2 6 0*CT4PMHOtt 

[0 2 4 4] M2 3\Zk?£o\Z, KI2tf)7'J-fiBttfi 
(F2) ©RJ»3&t4 0*>^XhP-ASa[ST*Sr< 

fe, 9MB»2C!>7'J-«tt)l (F2) <OIH/P^6 0*> 

[0 2 4 5] fflKS2<D7»J-«ttH (F2) tOBJP# 
4 0-6 0:*>^Xha-A<O«HftT&£<b> 

Htt, SSia>7l)-Btt» (Fl) ®B0 (-SO*/ 

HUfBK:£*fc», W8E*l©7U-«ttJI (Fl) S 
^207'J»8ttl (F2) <D«a^-^>h*«a« 

(Fl) 2 07 u-«tt)B (F2) o®tft; 

h<Dfflw*»&fttf. si<z>7U-«ttJB (fi) tm2 

0O7'J-&t4/a (F2) fc<Bffl£ttX«lg£ffl* (RK 
KYffl5ffr8) tf«£U MESl0>7'JHBttlH (F 

1) <Dmttm2<D7*)-m\im (F2) oaftt^s 



( 36 ) 



^^2000-04021 1 



^D-BttH (Fi) ©«ft;&t;»2©7U-«tt)i 
(F2) <Z)«fk^H*<!:fcH--*f6ltC|SlC5fr5fc 

MB*1<D:7'J-Btt« (Fl) t»2(07U-« 
ttl (F2) tO«fttt»tt5FSSfl:b. «a-r*j:5 

jWfE»2«)7U-«ttJi (F2) OSEftBffci. B 

[0 2 4 6] *»WCJi5 0 0 (Oe) ^±0)$»^ 

^*<DT. 02 3lC^Ti:^tC, (»l<07U-BttB 
(Fl) 0RJP) / (ft2<Z>7'J-Bffi» (F2) <DR 
JP) £\ 0. 5 6-0. 8 3. 25-5© 

«iftT«riEtna, soo (oe) tt±<z>&iM&£B 

^etctaiB m\v>7 

U-BttB (Fl) ©BW/SB2<D7U-«ttJB (F 
2) GORiP) 0. 6 1-0. 83, feS^ttl. 2 
5-2. 1 <&t8HrtT«J*T*l« 1 0 0 0 (Oe) tU: 
<7>£&jg£B#£f#3 £ *T J: 0 if* 
[0 2 4 7] *C*5BWTtt» 7U-Hfflt)i**aM3E+ 
«h UTSB 1 © 7 U -Btt« tI207'J -BttH 
©2Htc5»rbT**bfc*3BWK:*Jt5X!f>/X;wy 
SMHH^BfEU i»e»lcD:7y-HHttJI£*2C!> 
7UHW*JI<!:<0RJPJt£, AMR£©W«fCO^T«H 
5£Lfc. *-r.-»2<D7U-«tt» (AMRCB*«4 
l^Uffl(07»J-lttI) ^2 0t>yXhQ-ATl 

eu sio7UH8ffli mm&mmmtz&L. am 

fc. mffitftt*. T*&, S iS«/7Ht/Ta (3 
0) /^2C07'J-Bttl ; N i Fe (2 0) /#Btt 
+IBJB ; Ru (8) /ftiayUHBttl ; N i Fe 

(x) 4-co do) /itmnmnm ; cu (2 0) / 

ft 1 <D®fem&m ; C o (2 5) /*N8tt4MIW ; Ru 

(8)/I20)@SlttI;Co (2 0)/£&Btt 
l;PtMn (15) /T a (30) &HfC& 

hn-AT&£„ 

[0 2 4 8] ft*3*«M"CW, XtfW^^SWRJR^ 
£jE£Rft. 2 0 0 (Oe) <DB^£ETODLT 2 6 O^T 
4^M©«MfiaSISl/T^5. *&±ER*rt*JiT:b 
frZ&olZ* *KIBTtt»l©7U-BttBtt2H-C* 
/SStirfcth N i FeR<Z>Rff££fl:S-frT^S. 

2 4 KSTj^ H2 4»C^T«t«K*. N 
'i Fe^©RJS4. CoRtf)RJp (=10t>^h 
n-A) eSUfc*107'J-«ttH«&0R»-C» 

[0 2 4 9] 0 2 4IC^-rct^(C, ^1^7'J-Btt® 
(F1)G)RJ9*«, 2 0*>{f7>bU-Ix\ZiBL-J<t* 
SB2 0)7U-BttlH (F2) 0>RV&»ffP3Sft£tt* 



2 4(C^r^5tC, ftKD^UHBttli (Fl) ORJi 
U ffi*0Xb!>/NVl/yS»R*^ (y>^Xlf>A' 

[0 2 5 0] tZZT. H2 3^6W*ttJLAc5 0 0 
(Oe) a±©X«e^B»*»-5^td«^fl6a: (ftl 
©7'J-BttJi (Fl) 0>RJp) / (I2(D7'J-att 

ji (F2) (omm omm*. mzA±.\z^vx^ 

ftlO^U-Bttl (Fl) <Z>RJP) / (m2<D7 
U-BttB (F2) 0mm) *1. 2 5-5©|gS^tC 
Tnft iS^AMR^^C4^pJflg<h^oT^^ 0 
[0 2 5 1 ] *£*569iTHU »lC07U-Btt)Bt» 
2O7U-BttBt0!)fHtC^fiE"rs#Btt+mB<DRff 
SasftS-frT- S9E#Btt+IWB05RfftS!aMe^BI?- 

^ffl*R* : F (fa7;Uh'>A^yiSi^f) OR 
tgf&teT^b, S ili/7i^t/Ta (3 0) /K 
&BteH ; P t Mn (15 0) /Ru (6) /*Btt3» 
MM: Cu (20) /SB1<07>J-Bttli; Co (1 
0) +N1 Fe (5 0) /**tt*HJi; Ru (X) / 
*l<07'J-fflti;NiFe (30) +Co (10) 

/#m&mmm ; cu (20) /ru (8) /^stBtt 

i;PtMn (150) /Ta (3 0) T&D, SUfC 

[0 2 5 2] ft**«9n?tt^e>/^yai»R*^* 

J&R&, 2 0 0 (Oe) OBW^BJjDbft^S, 26 0 
< CT4P?P4(7)l»2ia^SSLT^^o *0*DM8*SH2 
0(CtkTo 02 0 I^-T^olz, 5 0 0 (Oe) BUt<D 
««MS^B*S»5(Ctt, RuR0)RJi£5. 5-1 
0. 0 t >^X h P-A^IIrtTMtn«J; i 
ifitofrZ. ££10 00 (Oe) K±<Z)SE*»^B»* 
f&SKte, RuR<DRJP£5. 9-9. 4t>WhD 

[0 2 5 3] 

&±w&vtz*wn\z<kntt, ®%.mt± 

B*#Btt*IBH*^LT!Bl©H«BttBtJB2<DH 
5eBttB0 2B£#«LT»l«U i9!B!gltf)@£Btt 
HtSB2 0H«BttlBtoratKtf -5SJ«»^B* 

(RKKYfflSftffi) tc£oT, MEft 1 OH^Bttl 
<DBffc<i:!g 2 (DH«BttlB(Z)BfbSrE¥fTtt»*cTn 
tf, WEH3£BttlBOBfttt!B*##»c*SUt*IBt 

flt"rctc<t-3T«j*an5-fe>x««B»©^ifiit, 

ft 1 ©a^Bft^^BSl^-^ > K t» 2 ©@5£BttS 
fl9E»KOHSBttBt»2<OH^BttH<!:<7)Bft«88 



I 37 ) 



[0 2 5 4] t2.t$Z.<D±>7>nX%lft<nMW** E&B 

Btt»<0B{fc*i»MK£j£ft;3i*5 d t^pII6T*S. 

^(CcfcO, 5 0 0 (Oe) £t±coSSIMSft«», 
ff*Uttl 0 0 0- (Oe) £t±OX*lSfta8**#5 

[0 2 5 5] *&*S69iTtt. M85%10B£«f£JB& 

u, Rh, I r, Cr, Re, Cu&£t*SEU $6 

^<htc<fc9* 5 0 0 (Oe) JK±<OX««&*#£»3 
J:0»*b<ttl 0 0 0 (Oe) &±4>£ 

&BttH£LT, 7Dy*>yfiflE*«»<. *fcH«B 

b# (#&g#ffi8#) L^feB^itican 

fcE3SBtt»»<fcUT, PtMn^OTlWo 
*4W4X-Mn Gfc/fUXtt, Pd, Ir, Rh, R 

u©^-fn*ua*fctt2aa±«)7c* , r**) > pt 

-Mn-X' (&JELX' tt, Pd, I r, Rh, R 
u, Au, Ag<Otfi"fn^iaSfct4 2aEA±©7C*T 
»5) T*J5Jcl/Tt><fcV>. 

[0 2 5 6] 5 (c, SSBfflf £!flioE£ 

Bttlchfg 2 (0@£Btt!£> 2 StC^»r Lfc«^-Ctt, 
ttEKttBttfl«>R*&. &*(DE&BttfI(D¥#g& 
<0«re*J*UTfc, 5 0 0 (Oe) K±03K*1S^« 

t*^T€r, J;0#*L<ttl 0 00 (Oe) 
«±0a**t£B#S»S;ifcj^#*. <S6K:*5BW 
T«U 7UH8tt«#B£BttBiH*£. #Btt*l« 
Ji£^bT!f£ l tf>7 u-BttHtSS 2 oy u -BttlBK: 
»»anT»*anT^5ct*«»*i/^. sbi<d7'j 

-BttJB t » 2<D7'J -BttB £<&M£tt3aMS£B* 
(RKKYtiSffffl) #»£U tfrESSl<07'J-Btt 
H ©Bft t » 2 <D 7 <J -BttB cDBffc £ *«E¥fTttB £ 

[0 2 5 7] *fc*f89rm. ME» 107 'J -BttJB 
fc JB 2 0> 7 U -BttE <h<9JBiJ9it fcaiEfcCSfflrt T^fiE 



U S^Cffi£»l<07U-Btt]I£:£2<D7'J-«tt 

tf, 5 0 0 (Oe) K±©£IM6£«#*t#5£<ha«r 
^TfcO, <fc0*f*L<ttl 0 0 0 (Oe) JEl±(OX» 

•S£B»£»*c£#tss. 

[0 2 5 8] 3&K*S8i»lCJ;fttf. *l<DH£«tt)l 
Ufctt^lC. m<OH£Btt»©B«*-j*>hi:K2 

l^@SBttl(?)B{bchm2(Oa£Bttg(7)Bft:i:$:E 

[01] *55Mtc*3W5*lHtt*ffi©Xli>A^^ffl 
*»*^<D*«BB* 

[02] 01 «c^Txe>A'^yS»K*^SE»«ft: 
£<S»fiBfflJ&*&ji,&SrEB* 

[H3] *58Wtc43ttS»2llft*ffiOXfcf>A*;u^S 
JMHH^ttftfBB* 

[04] HSJC^fXt^/^yaSIKRT&ESaft: 

[0 5] *38WJC*tt-&SB3S6«i»«icoxfc;>/^yS- 
»MHP<0*»BB, 

[06] HSCSTXOA^yaWRSR^SESUK* 
£<B#fflBflW*6Jlfc*rBBK 

[07] *5swic^^s»4*lfi««©xt:>A;P7 r S 
»R*^©«»BB, 

[08] B7JC^-rxbf>A;uya»IR*^*ES«M*: 

[09] *KWK:*frt5jg5*«i*!B<0Xfc:w^^S! 
*»**©M»BB- 

[010] 09(C^TXtf>/^uy^H*^€:E^ 

[01 1] *5&9llz&ft&m6&&je&<DX\i>JW7 
fflMKf^OWWrBB* 

[01 2] 0i i(c^rxt;>A';pyffl»iR* : i i sE» 

«E#t«)J#lalB«^6flfc»rBB, 

[013] HWbL^yF (B^yH) SESttflcJ: 
<0»|6]ffl^S3.fc»rBB; 

[014] fglcoS^Bttl (P 1) co($/?£2 0, * 

SJtBtt/l (P2) 0>*J3i. 3««S£B#i<0HflL 

&tf «KoMtti (pd v>mm / (m2cogi 

£Bttl (P2) V>mm) t* £&<££B# (Hex) 
[015] ?g 1 <7>@£Bf41 (P 1) ©R»*2 0, $> 



( 38 ) 



#1182000-04021 1 



H3£Ktt» (P2) ommt. AMR (%) £©B^£ 
yR-tifyy. 

[016] ft2©@5tfi&ftll (P2.) £3 0*>:7*Xh 
o-ATItlt«^, ftl©B£«teJI (PI) © 

w*t» x*is^«*t<DH«i. ms- (fti©@sgB& 

I (PI) ©RJ*) / (ft2©B£Btt! (P2) ©R 
J?) i£*l&#Bff (Hex) £©B8fS£^-r?7 7, 

[01 7] ft2©B5£Bft@ (P2) £3 Ot>^Xh 
n-ATBJgLfcJi-g-©. ftl©B£BttH (PI) © 
KiPt, AMR (%) t©HS€*T^77. 

[018] X3.7^Xfcr>A*;PyS»W^lC*3^T, 

mi©@^att® <±> ©nw&tfft i ©b^shs-h 

(T) ©8IJP<b2&i!S£B# (Hex) £©Hft. S6 
IC (ftl©B?SKtf:l (PI ±) OH) / (ft2© 
H««ttJI (P2 ±) 0>mm) RZf- (ftlWB^Btt 
1 (P 1 T) ©R9) / (ft2©B£BfflI (P 2 

T) omm) tsaws^B* (Hex) t©s«€^-r 

[H 1 9 ] ft 1 ©B^BttH £ft 2 ©B£fiBttH©RaiC 
frfcTSRu (#B&<I»MI> ©K©tX^i5g^«# 
(Hex) tODS^^-ry^^. 

mmt, zmmsm?!- (Hex) ^©imisiK-ry? 

[021] 2 Wm<D?=LT)V7> \Z>W7%g&§&FF& 
mm L . S-^i 7Jl*X e WWl^Si^sSH 1 © P t M n 
(K*&BftJl) ©IWi, £«*i!rSB# (Hex) t© 

[022] 2mme> : r=L7)vz.kz>/w7mmsim : ?i 

&fflU ftxaT^xe^A^fflWilS^OP tMn 
(£$BttJl) AMR (%) t©Hff**r 

[02 3] »i©7u-«ttJi (f i) <Dmm%5 o* 

(F2) ©l|gJ¥££gyg£8&??- (Hex) £©H5&. & 
(ftl©7'J-Btt@ (Fl) ©^JP) / (ft2©7 
'JHBttH (F2) ©RJP) (Hex) 

[024] »2©7'J-«tt« (F2) <Dmm%20* 
>yxhn-AT@;£Lfc«£, ftl©7'J-G8ttJf 



(Fl) ©RffiAMR {%) £<DM%> RXf (ft 1 © 
7'J-BttH (Fl) ©Rj*) / (»2©7'J-Bit«i 

(F2) ©RIP) £ AMR (%) t©W«*Sr^9 
7. 

[02 5] ftl©7'J-fiBttl (F 1) ift2©7'J- 
Btt® (F2) ©HKHrtEfSRu (UMBftifffiJI) © 
Rffi. SSSIIS^B* (Hex) i©Hff«jS-ry5 
7. 

[02 6] *569Ifc*ttSX«f>/UU:/ffl»l«*F. R 

tftfcfctCiSttSX t:>A'^7"S»^^(C*tt-5 tXr 

D v-x^-7*. 

[02 7] S3IBttll«P tMnTWim, Ni 

SMR (Hex) tfflHS£it^7 7, 
[02 8] ^*ICi3tt5Xtr>A';U7*S^^©^»f 
®0, 

[029] 028 llSfX tf >/ W7*S» RaK^fciHS 

1 0. 3 0. 5 0. 7 0. 9 1 TJfeJI 

1 1. 2 8. 3 1. 4 4. 5 1. 8 0. 9 2. 1 0 8 

1 2. 27, 52, 79 ft 1 ©B5£«EttJf 

1 3. 26, 33, 4 2. 53. 5 9. 72. 7 8, 9 

4. ioo, 106 mm+mu 

1 4. 2 5, 5 4. 7 7 562©B®8teS 

1 5, 24. 3 5, 4 0. 5 5. 7 6, 9 6, 1 0 4 

1 6.2 1,3 6 7 'J 

19. 29, 45, 61. 81. 109 £81 
3 2.9 3 ft 1 ©H^BttB (T) 

3 4.9 5 ft2©H5SBttS (T) 

4 1. 10 5 ft2©@£«ffil (±) 

4 3.1 0 7 ft 1 ©BJgBttB (±) 

5 6. 7 3, 1 0 1 ft l©7'J-B14)f 

6 0. 7 1. 9 7 ft2©7U-BttJl 
6 2. 8 2, 1 3 0 A-H/HTXi 
6 3. 8 3, 1 3 1 ««IS 

112, 113. 114 t>Xlffi 
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[02 0] 



[02 1] 
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[ESSIES] 

[JlfflB] ¥fiU 1*P7J| 1 40 (1 9 9 9. 7. 1 
4) 

9!*ffl§ 

CME*f«JSB€] 0 19 1 

[0 1 9 1 ] m 1 IC^TX t: ww^Sfc&^-rtt. 
#«ttigmJI 1 5 ©TWCfg 2 ©H^SBttSjMjWgfiS 

^tflf§2©@£&ffil.l_4©55. S^^E-pO^© 
*£t^©@i£fi&ffiI©{Krt:#|S]l;:. -fc>XSSMB#© 
#fi££fc>-ti-5. 0HCST<t9lC. Siji3Sg2©@Jfcfi& 

ttn i_i ©as*:-* > m*jb 1 <D®fem&m ±2.e>m 
A©ia^-*>M;t0^Y#fit£;*f#rS] m^tt 

(SJ) C[6jt>Tl>5. c:©fc#ffflt2fgl©@;&Ktt/l±_2 



[6]££*«T|6] (HSfiJiFfll) KISJ^T^©. 
[#«*tIE2] 

mjEtt&msz,] 0192 

[0 19 2] fl9Je<OJ:5(C. 5f4S2© 

-6lcL/Tffins-fe>xm8Sl 1 2fC<fcoTJeJ5fc£n-5-tr 
>X«sSS#«. illB#iStt^mi 1 5 cfc 0 fcTflSltCiJ 
HTEI^£*[filK|6]< <t-5lC flaE-fe>X«iSl 1 2© 



( 44 ) 



f$BH2000-04G21I 



CMiEa««B*] 0 19 3 

[oi9 3] mi\ZK~r£o\zmz±:>xmmi 1 2« 

«tt»r4B»CfPfflT*X«ie^B* (RKKYfflSf^ 

ffl) jW«Mian, «HEiBi<DH)e«ttiir2o«fl:t* 

BMSMIE4] 

ntiEtfft*s&] mmm 

BtEfcttfcBB*] 0 19 5 
[*§iE*S] £M 

[0 19 5] d ©J: 5ft. **tC»l^8B«fi*TT- L 



0, ^cofc«6tc*^T^yn^4 1 >y^g^4 0 0 

[#W*IE5] 
[*SlE#&§Si£] 91ffl« 
[*tIE*f&Jg@£] 0 19 6 
[ffilE^ffi] £sE 

[0196] ft&IM 1 \Z^m 1 <BB£ffi4Jl_L20)« 



